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GLIABUE MFG. CO. 


=131@]@) Gan 4) ead i 
MADE IN U.S.A 


s TAGs 


a” BIG CHARTS 
are easter toREAD |? 


Much is heard today about chart size, but =~ 
TAG Recorder Design provides the longest 




















= pen travel—43/, inches—on a full size 1|2- RSS 
j— F inch chart . . . the longest on the market. BX 

— a With characteristic thoroughness TAG pro- \ 

7 vides this important detail to give you a fF 2 
7 Zz chart with much wider graduations for each BOS 
degree interval. Wherever Temperature, SS 







Zz Pressure, Level or Flow must be recorded, SN 
x TAG's BIG CHARTS give you easier reading. 
Vy F Other features of TAG's new Rectangular 
S///7 ) Case Recorders are: interchangeable cali- 
fy Yj, brated tube systems, over-range protection 


with safety linkage between Bourdon spring ff 
and pen movement, visible-record pen arm 
and new quick change stainless steel chart 
hub. 

Behind these advancing instrument im- 
provements, stands a long growing record 
of economical performance and dependable 
accuracy. Their steady rise to wide popu- 
larity recommends these newest of TAG [KX el 
Recorders to the duty of recording tem- 
peratures throughout industry. 

We invite your inquiry concerning the ap- 
y plication of TAG Recorders to your process. 
Ask for your copy of the new TAG Catalog 
No. 1060-1. r\\ 
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C. J. TAGLIABUE MFG. CO. 


Park & Nostrand Ave’s., Brooklyn, N. Y.- 
























Now all Foxboro Instruments have this guarantee 


of outstanding performance in service . . . and this 
guarantee is a permanent part of the name plate. 
Foxboro certifies that the design and the quality of 
workmanship of each instrument are such as to as- 
sure reliability, accuracy, and quick response. These 
essential qualities are retained over long periods of 


time with a minimum of maintenance and attention. 
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CERTIFIED INSTRUMENT 





THE FOXBORO COMPANY 
Guarantees to repair or replace this instrument free of charge within 
one year from date of shipment if it does not prove to be within the 
specified limits of calibration and free from defects in workmanship 
and material — the guaranteed accuracy of this instrument can be 
assured only through its maintenance and repair by THE FOXBORO 
COMPANY and through the use of FOXBORO parts and accessories 


I 0) 4:10) ;x0) 


REG. U. S. PAT. OFF. 















YOUR GUARANTEE 
OF ACCURATE 
PERFORMANCE 


All Foxboro Indicators, Recorders and Controllers 
now carry this individual guarantee. 

Bear in mind, this additional value in each and 
every instrument means no increase in price to you. 
Write for Booklet 669-1. It gives the complete story. 

The Foxboro Company, 46 Neponset Avenue, 
Foxboro, Massachusetts, U. S. A... . Branch offices 


in 25 principal cities. 
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N THIS ISSUE 


Nearly two years ago we began plan 
exhaustive symposium on. stor 
itterv testing, and ilready have 
irticles lined up. This first one, 
Harner and Hatfield, though dealing 
with one particular class of tests, 
been in demand before publication 
fact, so insistent were requests for 


woof lustruments containing the 


CO} 

cle by Harner and Hatfield” that we 
decided to print this article by itself, 
ithout waiting for the completion of 


others comprising the symposium. 


Che articles by Bean and by Morey 

flow nozzle research represent a 
splendid example of thoroughness: .\s 
isual, the Bureau of Standards gives 
the whole world an object lesson in re 
finement of measurements. With such an 
dmirable start, the ASME’s program 
ill undoubtedly attain all of its objec 
tives, to the great benefit of flow meter 
isers. This research program deserves 
the financial support of all industries 


using 


flow meters. Does your company 


chip in? 


Professor Williams continues, in his 
serial, to deal with the relation between 
ibrasion resistance and hardness; next 


month he will discuss seratch methods. 


This month’s instalment of the serial 
by Bateher concludes the subject of mis 
cellaneous applications of cathode-ras 
tubes: next month he will deal with an 
entirely different aspect of cathode-ray 


oscillography ; sources of errors. 


THE FRONT COVER 


photograph, taken in the Bell Labora 


ries’ Collaboration Laboratory, shows 


the primary d-c. resistance bridge, wit! 


resis nee st indards in thre foreground 


YOU AND WE, AGAIN 


y N Dearborn last month your editor had the pleasure of find- 
| ing that Instruments was read—at least occasionally—by 

many engineers in a world-famous plant. On our return we 
asked the Circulation Manager how many subscribers we hav: 
there. It seems that each copy mailed to Dearborn is read b 
thirty or more Ford engineers. Such remarkable multiple cir- 
culation would be a source of pride to most editors. It is to us; 
but we can’t help thinking of the many minor tragedies there- 
by caused. 

Every day, throughout the country, thousands of engineers 
say to themselves, “I know there’s a method or a device that’l! 
do the trick. I remember seeing it. But where did I see it?” 
And even if the reader remembers that he saw it in Jnstru- 
ments, he loses time and wastes effort getting hold of the cop) 
which does not belong to him personally. In one actual case 
the copy had been taken home by a high executive, and an 
engineer who had to have a certain reference telephoned to 
this office from Ohio. The cost of the call was more than that 
of a subscription. 

We don’t care how many traditions of editorship we shatter 
by talking business, but it would be a disservice to you if w 
failed to urge you to get your own personal copy of Instru- 
ments every month. Then, too, many of you don’t know how 
little subscriptions cost under the Group Plan: 


Two l-year subscriptions $2.40 } vided 
Three 1-year subscriptions 30 nd idresses 
Four 1-year subscriptions 2 

Five l-year subscriptions Ff 
Each additional subscriptior l mone ‘ | 


So, before you pass this copy on to the next man, speak to this 
next man, and to a few others, and send in your group. You 
will be doing a favor to yourself and to your friends. 


Do you live near New York? In connection with the ASTM’s 
fortieth annual meeting there will be held an exhibit of testing 
apparatus and related equipment in the Waldorf Astoria Hotel, 
from Monday June 28th through Friday July 2nd. As usual, 
the Instruments Publishing Company will have a booth. Don’t 
hesitate to make use of it. “Meet me at the J/nstruments 
booth” will be said over many telephone lines as usual, and if 
the other fellow is late, the first one to get there can relax to 
his heart’s content. 


Do vou live West of the Rockies? Your editor’s first real 
vacation in eighteen years will be a motor trip in July and 
August through the great National Parks, also Boulder Dam, 
Los Angeles, San Francisco and... well, drop us a line sug- 


gesting that we include your plant or lab in our itinerary 
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OILS, GREASES AND WAXES 


for high vacuum work have 
vapor pressures 
10 


as low as 
mm. of Hg, and even 
unmeasurable at room 
temperature. 


* 


r ‘HE Apiezon products which 
we now Phila- 


carry in our 
delphia_ stock, include special 
oils for oil-diffusion vacuum 
pumps, and a variety of oils, 
greases and waxes for sealing 


joints and stop-cocks in high 


vacuum systems. Bulletin 1385-I 


listing physical characteristics 


and prices will be forwarded 


upon request. 


JAMES G. BIDDLE CO. 


ELECTRICAL *AND 


INSTRUMENTS 
PHILADELPHIA, PA. 


SCIENTIFIC 
1211-13 ARCH ST. 








COCHRANE 
FLOW METERS 


Electric and Mechanical Models 








Afford ceurate check on consumption, in 
k ‘ ition in rate of flow of 
steam, W f 1d miscellaneous liquids and 
ses 
( I w Meters ruggedly built and 
eX SENSILIVE va ns recording of 
w. Electric model operates on the 
supe gals Ele null = principle 
Meas S possi ny distance from 
© F ( facilitating grouping f instru 
ents els. Recorders tf both 
s t cc e within 1 
t absolute under full load 
u te , ; - 


COCHRANE 


3120 North 


CORPORATION 


17th Street, Philadelphia, Pa. 
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NEW 





In this department we strive to report each month ALL the new d 
for measurement, inspection, testing, metering and automatic contr 
the form of concise technical descriptions. 


When writing to manufacturers directly, please mention this departm 


your source of information. 


Or write to Information Section, Instruments Publishing Company. 








Double Photoelectric Recorder 


photoelectric instrument will 


ecorda imultaneously on one chart two 
electrical magnitudes is low is one 
micro-amp full-scale representing pom 
( CONSUMpPTLOn tf 10 watt from the 
measured circuit It can be applied 
herever simultaneous readings are. ce 
sired ly some cases this immediately 
Cl t¢ ing time in half: in others it 
i in «ll ering unusual relations be 
t eel two \ riables Phi double photo 
Cle E i ecorder came into existence be 
cause of demand for an instrument 
could measure nd record the sur 
Pace l ev ie ot stee strips I his 
required tf oO electric gages on both sides 
rf nd directly opposite each 
he nd two records on one chart 
| re “der ere erefore Combined 
1 neie enclosing ¢ ‘ nd a stand 
re ( eC nisi extended to 
CCOMNOGATE l ri , ith the chart 
( nism either driven in the conver 





The double recorder can be ipplied Iso 
to CCOT mitdoor nd indoor tempore ra 
ures fo conditioning work, wet- and 
drv-! temperatures, retrigeration 
emp tures, and other temp ratures in 
heat-flo problems. Galvanometer-type 
re rrders can be supplied for phy siolog 
i studies. In steel mills for simulta 
neo recording of pressure (obtained 
by strain gage on the mill housing 
ad eckness (obtained by the continu 
MIS strip wage so that at vlance it Is 
rossible » see variations in thickness 
tl cl nves 1 pressure on the mill 
rolls. With two continuous strip gages, 
re 1 each side of the material, meas 
irement of uniformity in thickness of 
thre strip is) obtained ind therefore 
easure of quality. Electric-gage record 


ings can be so related that a « 
eheck on operating conditior S. 
poor bearings and_ rolls, is 

Other pp lic itions are the rec 


high-resistance voltmeter-ammet 


urements, illumination rie 
ind others requiring valva 
of on 


ric C'¢ 


elements 
Schenectady, N ) 


leasuring 


‘““Memory Machine” 
Capable 


] ; } | 
aT photographie 1t\ 
events 


ifter they have happenec 
“Vemmnoscope” consists — of 


focused on a 


cathode-r \\ 





svstem of commutating capacitors 
thre 


ivVs corresponds to events 


by the indication of 


occu 


When the relay 


oper ites, the Camera 


evcles previously 


(even thougi 
" 


thus takes a picture which shor 


thout 1 


wor 


occurring eveles 
147 bars, to ene 


connecte d 


Commiut has 
which is 
O<.Ol utd 


pacitor, l 


one” termin 


Vuminum foil paper 


long and in diar 


Other terminal of each capacitor is « 
nected to the shaft Anv voltage or 
put terminals will charge Capacitor 
direct conduction to a valu depel 
on Input volt ive If input VoL age 

the charge on. the capacitors Wi 

vary from capacitor to capacitor, 


: | 
iround the commutator. After a cay 


is charged dv the Input brush, it is 
ried around to the output brush 


ill or part of its charge can be reco 


or used for some other purpose 


time, however, of its 


use Is) one re 
behind the 
ifter 
the 
remaining Is In 


tion in time Input. On 


two hb irs 


rye to output circuit 


charge effect er 


i. center brush, after which the ¢ 


is ready for another transfer of cl 

I'he output Wave form is” the sal 

the input wave form and_= the loss 
energy during transfer is negligibl 
Westinghouse Electric & Mfa. Ce 


Pittshurah. Pa. 
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i 
oscilloscope 


previo 
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cap itor transfers 























S | Shielded Mica Capacitor [WO Ting, ENPOGER mer OF a 
hopper contents ire disel a 
ves, oscillators, filters or other between rings permits displaced 
d . this completely shielded mic tank or other vessel being filled t ay j 
! es p ssible quick measure returned ith the dust directly in 
itre ( citance and other precise flues on interior of hopper. tl 
measurements using the in it has been found that the combine 
ompensation method | ch ot essure CN ¢ nV re ! aiis ( 4 bl , 
me iy ee lied ven The Mark: of 
iti Cre ng 4 ( 1Us¢ t ( : 
if cise ( l ( ( « 
eoreturas all dust tin Effective Control 
« Vere / } 
2p 


Process Control for sensitive. stable 


automatic control of temperature, 











\ om rain analyz pressure.liquid level.flow and othe: 
prea re the strat 1 S | a is ° ° 
factors as applied to industrial 
Dut Is ile > ( aL ( e( ( ( 
1 » 
of givil directi ad qu itative processes. Responds to changes 
ell Ss ql it Ve madication | . . 
ee quickly.without overtravel or hunt- 
ONIN UTTIIZCS ( aistortLo t ) | ¢ 
light by strained mediuts ( ing. Ask for Bulletin No. LOL. 
use of the bi-refringent properties of 
svstem of thin quart eaves \ number . . 
Aye aetna. seaplane Combustion Control that is simple 
OT CISting ierrerence es re set 
Phese remain straig d but complete for providing econom- 
long s the medium bet el e ] - ‘i 
Ine screen ind the edge combit ica operation 
remains unstrained. If . ined of boilers of 
dil hl, O.OL and O.OOL ut ment of transparent: o1 NSIC 9 
' a aE ec 200 h. p. and 
‘ teps and zero; provides a total CTHAE IS INTPOCUCE mot a lal 
( 1.11 ut. Measured from binding distorted see Tilustrathe he dey larger. Details 
Lin evcles, the capacit ince distortion Demy Portion B 1] e 
erence between each setting of each strain. Direction CQ magnitude in »u etin 
d its zero setting (other dials on can be determined | substi l No 102 
ered vith the nominal value ot the Specie ins Lines 
setting t O.1% O.5uut ) eviinder t eC sare naterl ? 
si ! ole of cap icitance ditte rence 3S ith erected erg ‘ [is Ce ( Boiler Meters 
| we i 0.1 uf and 0.01 uf dials: ines | me directio clic ‘ ( for recording 
» for the O.OOL uf dial lPemperature 
efficient of capacitance over normal combustion 
my teniperature range 1S OL.O02C; — Re r-¢ . 
. conditions and 
| Minimum d-e. resistance (at mani 
m setting) is 2500 megohms. Capac cuiding boiler operators. Deseribed 
itors mav be operated continuously on . . 
‘> . ‘ ] _ e 
a shee sania, Se odin. Ta taal cash in Bulletin No. 44. 
settl independent of the othe rs, 
ndividual leads run from each decade Multi-Pointer Gages for indicating 
to outside terminals Leeds \ Northrup 


factors such as draft. pressure, tem- 





Nfenton lie Philadelphia, Pa 
item perature and speed. 
iY 
Dustless Weighing Hopper Phese Gages are avail- 
A one dustless weighing hopper, fun able with any number 
ished h or without weighing de - : : 

( ice, for handling powders, as in manu of pointers and any 
vt . les P wnemetic nA whan ° ° . 
MAE CERES, COMMICLIES; PAINTS; CEN scale combination; in 

either the oil sealed 
bell or diaphragm con- 

( struction. 

n tl th mor Pg ee eer ge 
Im) Ute OT COTHPTESSIOT CTISTTIVITSN » P 
d uch that a light finger touch upon speci Flow Meters for indi- 
men will give a positive indication. Large cating, recording and 
specimens can be examined using cor " Z 
tainers of suit ible size Ind moving speci integrating the flow of 
( wit to brine v rious a iS a3... Control Drive 
SOE ere TS: Aan. Vere: a a steam, water, sewage, 

( lines of observation For inspecting ; : 
| small devices such as thermometers and alr, gas and other fluids. Bulletins 
: hermostats, i small eontainer is cle No. 39 and 200. 

! quate, even for production-line testing 

In the inspection of glass-to-metal se : 
~ inalvzer permits detecting leaking joints Recorders for pressure, temper- 
, Yrsion of specimen wu quid P ° ° 
Immersion of specimen ature, drafts, liquid level and other 
equiy rlent refractive index S gene 
necessary 1f specimen is not flat, of 1 factors. 
I form thickness, or does 1 I t r G-3 
cals, ete comprises a set of butterfly surfaces. Benzo! or Russian miner r¢ 
discharge gates for controlling discharge suitable for most applications. For | BAILEY METER 
these gates operating coincidentally oratory analysis the ne nalvzer permits 
: ith the sliding sleeve raised and Jow studving optimul inne Ing tel eT! COMPANY 
ered Dy means of togvle connections to tures, methods, ind mpwcaklpons fré 
same shaft. Sliding sleeve consists of — era! Electric ¢ Schenectady, No) 104] Ivanhoe Rd., Cleveland, Ohio 
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MOISTURE 
Content by Drying 


The Moisturs 


is lu ated 


5 ! ) gram test 
f Di nit 
i We } Derore 
Wil j S I 
P Mining 
I M Textile 
I Brick, et 


I iterature 


Write f 


Harry W. Dietert Co. 


9330 Roselawn Avenue 
Detroit, Michigan 

















NEW DUMONT TYPE 164 


THREE INCH 
SERVICE OSCILLOGRAPH 


$5 4-50 


Complete 





Check These Features 


o \ Ty XH bD 


eR ‘ < 
Ask Your Jobber or Write 


Allen B. DuMont Laboratories, Inc. 
Upper Montclair New Jersey 
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Switchboard Models of 
Direct-reading Ohmmeter 


These ire believed to be the first 
switchboard-mounting models of the di 
rect-reading ohmmeter class of electrical 
instruments. Case diam. is 10”) and 
pointer-and-scale design is such that re 
sistance values can be read from a dis 
tance. New instruments operate on same 
principle is maker's “Megger” portable 
insulation testers—true cross-coil ohm 
meter—but they do not contain genera 
tors and are to be operated from a fae 
tory d-c. source or rectifier or battery. 
This required external voltage is 3, 100, 
250, 500 or LOOO volts, depending on. the 
ohms or megohms range desired. Numer 
ous ranges are available, the lowest be 
ing 0 to O.1 ohm and the highest 0 to 


100 megohms. Double- and triple-range 


instruments are available—James G. 
Biddle Co., g {rch St Philade Iphia 
Pa 
Electric Speedometer 

\ new i-¢ speedometer for steam, 
diesel and electric locomotives consists of 
three elements: (1) a generator suitable 
for axle mounting, connected by wires 
(2) an indicator for mounting in the 
cab, (3) a junction box with a variable 


resistance to compensate for wheel wear. 
Qn steam locomotives the generator is 
securely mounted on the end of the axle 
with four heavy bolts and a short piece 
of cable leading to conduit on the front 





gears, belts, pul 


itform. This avoids 


ety friction drive, ete ind allows ac 
cessibility The generator is of the sim 
plest possible construction: winding is 
stationary and leads are brought out 
to a small connection box to which the 
cable is also secured, so that shaft is 
kept from turning while outer part con 
taining strong cobalt magnets rotates 


thout the winding and generates a volt 





ive and frequency proportiona 
There are no brushes or con 
Magnets are carefully wed, 
change their strength under most 
service conditions, it is said. In 
instrument mounted in cab is « 
in miles per hour. Movement 
have extra-large jewels ind pi 
withstand severe vibration. For 
steam locomotives, entire mech 
surrounded by 1, sponge rubl 
mounted in a heavy brass case 
inghouse Electric § “Mfg¢. Co ik 

/ a rah, Pa. ; 


Multiple-ratio Transform: 


“Unitap” transformers present 
venient means of providing as 
potential for laboratory and _fiel 
ing purposes. Each unit consists 
multi-tapped transformer, with 
brought out to plainly-marked po 
contact plug-in terminals. Transfo1 
ire designed with liberal copper 


iron densities and give an almost 
tinuous seale of secondary pote 
\ny range can be furnished up t 
volts and up to 3-kva. capacity, 
in\ size steps. Two stock types ire 
nished, both varying the potential 
volt steps from 110-120 volt lines 
evcles: 

No. 4344 is a 120-va. unit, having 
plug-in sections: one for unit steps, 
l0-amp. capacity, the other for 1 
steps, with 5 amp. capacity from 
20 volts, 2-amp. capacity from 
volts, and l-amp. capacity from 
120 volts. Line is tapped at LLO-115 


oY) 


volts. 





No. 4345 (illustrated) is a 330-va 
having three piug in sections: n 
unit steps, with 1L0-amp. capacity, 
for 10-volt steps, W ith 5 imp. cap 


from 0 to 20 volts, 2-amp. capacity 


21) to 50 volts and 1 imi}. capacity I 
50 to 100 volts: the third for 100 
with 300-milliamp. cap 


throughout 


steps, 
Transformers, mounted in cast alu 
num frames bolted to Bakelite engr 
panels, may be removed from the ¢ 
for panel mounting. Each instrument 
furnished complete with both line 
load cables and all jumper plugs co 
coded to prevent errors in operatior 


BR. F. Miller Co.. Trenton, N. J 


a. 




















Portable Pyrometer 


Ne “Model 622" millivoltmeter ther 
ectric: pyrometer, superseding well 
“Model 322” after many years, 

ilies improvements and refinements 
which a 25% increase in scale 

th (now 544”) is most obvious of 
irdly-visible. In new double-pivoted 
voltmeter movement, use of cobalt 
enet and complete shielding are prin 
refinements. Coil (resistance now 

16 ohms) is designed for 20.9 ohms per 
livolt. Seales are available for tem 
iture ranges up to 3000°F., are cali 
yrated for iron-constantan, chromel 
uel or Pt vs Pt-Rh_ thermocouples. 
Greater sensitivity has been attained 
ithout sacrificing ruggedness and with 

t need of critical leveling adjustments. 
\utomatie cold-junction compensator is 
if bi-metallic type. Molded Bakelite case 
measures $8” X71" 41," high when 
osed, is of moisture- and dust-proof 
onstruction. Though of laboratory grade, 
new pyrometer has been developed for 
severe industrial service, is available in 
double-range models..-The Bristol Co.., 


Waterbury, Conn. 


Earth Exploration Devices 


For subsurface earth explorations by 
electrical methods, the Shepard Earth 
Resistivity Meter and the Lee Geoscope 
ire announced. They are said to pro 
vide a rapid and inexpensive means of 
conducting subsurface explorations such 
is locating depth and subsurface con 
ours of rock strata, gravel beds, clay, 
shale, ore bodies, ete., being applicable 
to any depth from 8 to 2500 ft. Through 
use of Shepard Meter, engineers of U.S. 
Bureau of Public Roads have developed 


t 





rapid technique that enables a crew 
only two engineers and two assistants 
» make from 10 to 20 shallow tests in 
ne d \ The Lee Geoscope is now in 
se by U. S. Bureau of Mines. Method 
said to result in great saving of time 
vel he old test drill method mer 
enond ly Inc.. 8 


lve... Silver S / J 


Monochromatic Light Source 


“Lablamp,” a) new monochromatic 


light source for spectrophotomet ric, re 
fractometric, microscopic and polari 


metric measurements, has an output of 


3500 lumens of visible light, an efficiency 
twice that of an ordinary 500-watt in 
candescent lamp. Its effective light 
source is concentrated in a 1,9” & 
space, making it especially useful in op 
tics and spectrographic work. A | small 
quartz tube surrounded by a hard glass 





envelope ibsorbs most light below 0.32 
microns in wavelength (ultra-violet), the 
latter being available, however, hy re 
moving the glass envelope. Of the total 
radiation, 25% occurs in visible spec 
trum, as compared with 5% in the in 
candescent lamp Only 1.9% of output 
occurs between 0.60 and 0.76 microns as 
compared with 27% in the incandescent 
lamp. Lamp housing is adjustable to any 
angular position in a horizontal plane, 
and at any height from 5%” to 20 
from bottom of base. Doors on three 
sides of lamp housing are easily slid out 
and replaced by monochromatic filters 
for isolating the various spectral lines 
of mercury radiation. Operates on 110 
120 volts, 50-60 cycles a.c., also on d.e 
when used with suitable converter. Rated 
at 95 watts together with reactor 
Weight, 14 Ibs., measures 514% & 610’ 

17” high.—-American Instrument Co., 
Ine. Silver Spring, Md 


Temperature or Pressure 
Controllers 


New “Type RM Temperature and 
Pressure Control” is a combination of an 
iuxiliary switch mechanism, operated by 
i temperature or pressure bellows, ind a 
magnetically operated 
contactor. The auxil 
lary contacts require 
Very little” power Tor 
peration, making pos 
sible i “very low” dif 


ferential Main cor 





tacts are closed by the 

! onet under hie 

pressure | “qu 
make and break, providing current- 


rving capacity of Lh-p., 110-220 volts a. 
1 h-p., 115-220 volts d.c. Available in ten 


perature ranges from 20° | 
F. Differential is adjustable up to 7 
down to less than 1 (ver cline 
yA 3 ys 5b 
nitlets re rOVICe? tO} 

tT control: airec l i l ( 

R / ( ‘ ( 

2 





Relay - Transformer 
| at the Price 
| of a Relay ALONE 
| ° 


Transformer is built 
right into the Relay 


WRITE FOR 
BULLETIN AT/RS 


enti 


Julien P. Friez & Sons 


BALTIMORE, MARYLAND 




















eee HOW DO YOU 


TEST 
TEMPERATURES 
? 





\ | table Pyrometer or Millivolt 
nete of the direct deflection, high 
( tance type will solve your tem 


perature problems simply, accurately 


ind economically. Single or double 
cale instruments for temperatures 
fron POO up to 8000 KF. are 

ailable for either base metal o1 


] 


noble metal thermocouples. 


Write Dept. | 


CHARLES ENGELHARD, Inc. 


90 Chestnut St. Newark, N. J. 











Take No Chances! 


“™, You can follow a form 
\y ula as to weights and 


measures. 
ua You can use heat or cold 
for a specified time 


| 
| BUT 
H UT 
If the Thermometer is 
not accurate, all your ef- 
forts are worthless. 
Reliable Thermometers 
‘ 
é 


are your most valuable 


asset. 


Every PALMER Ther 

mometer is Guaranteed 
' Accurate and with the 
RED column, there is 
no chance of reading it 
| incorrectly. 








SPECIFY-PALMER’'S 
J  ‘Red-Reading-Mercury’ 

Thermometers on your 
next Order! 


THE PALMER COMPANY 


Manufacturers 
A.S.T.M., Laboratory and Industrial 
Thermometers 





Pocket 


Thermomete 





2626 Clay St., Cincinnati, St. Bernard, Ohio 
B neh Factory: 93 Church St Toronto, Car 


i 
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| H-C 

| SWITCHES 
Patents Pending 
| HEINEKEN 
| MACHINERY CORP 
[95 Liberty $1 NY] 
















Vapor-proof *All-position” 
Plunger-actuated Switch 
Ne sFit Sealed Switch” is said to 
combination of characteristics 
eretotore unobtainable in one switch: 
It is vapor-proof; operates in any posi 
iffected by the degree 


tion ithout being 
ft vibration or tilting usu ly met with in 
service: and can be operated “well above 
the boiling point of water without de 
terioration.” Operating Characteristics: 
Load re juired ‘to make contact in_ the 
switch is an initial pressure of LO oz, on 
plunger; contact being returned to its 
normal position when 2 oz. of this load 
ire released. Thus a net load of 2 oz. is 
required to make or break. This is ac 
complished by moving plunger 0.002 

Usual method of mounting is to hold 
switch in a metal clamp, pivoted it one 
end and placed against a spring at other 
so that its position may be varied by an 
idjusting screw with respect to move 
ment applied to it. Loads and movements 
other than those mentioned can be sup 
plied for special operating conditions 
Construction: Housing is of molded Bake 

lite, vulcanized together by heat-treating 
beryllium-copper 


Plunger, working on 


diaphragm, is of laminated Bakelite. Con 
tacts are all of pure silver faced on pure 
copper, thus providing an oversized con 
tact area with ability to dissipate heat 
rapidly. All parts are designed with gen 
Klectrical Data: 
switches are designed for 10 


erous safety factors 
“Type 4” 
ups at 110 volts a.c. or 5 amps at 220 
either 50 or 60 evcle Heating 
ind lamp loads rated slightly higher for 
normally-closed switch than for normally 


volts Cc 


open. Loads exceeding 200 watts d.c. re 
(available) 
Liberty 


quire use of capacitors 
Heineke Machinery Corp., 95 


Sf Veuw ) rh City 


All-wave Power-line ‘*Filterette”’ 


Providing 60-db ittenuation of fre 
quencies betwee! 200 ke ind 30 Me , new 
power-line “Filterette Model TR25” ef 
fectively isolates receiver and instrument 
est rooms from 
high-frequency dis 
“at turbances present 
on electric power 
circuits in factory 
and industrial are 
as, makes possible 
testing at full sen 
sitivity on all bands 
It is designed to 
operate on in Lit 
volt, single phase 
circuit ind wil 
handle 25 amps, it 
is said, without ex 
cessive heating or 
voltage drop Com 
plete specifications 
for construction of 
un effectively 
shielded test room 
are supplied with 
= the device Tobe 
Deutschmann Corp.. C'anfon Ohio. 








Source of Artificial Day]; 


This new it of artifici 
lamps differs from the usual t 
Dinations ot incandescent a 

cers, said to be “subject to 
Ped LIsé ot volt re changes 


ife") in that the illumination j 
1 electric discharge In Carbor 
Variation of current affects on 
sity of emitted light and no 
ive spectral distribution. Of 
mon Bases carbon dioxide ly 
filled, 


luminosity distribution close’ to 


ell-balanced = speetrur 


cloudy north sky light, o7 
ight, which is’ the 
While carbon dioxide lamp re 


Vel 


! 
iecepted SI 
neon tubes, there are essenti 
ences: CO. becoming extremely 
when ionized, it necessitates us 
cial electrodes and means of rep 


ing the gas. The pressure range t 


isfactory operation is) about on 
hundredth that of neon An elec 
pressure-regulating system ca 


“Baratron”) has been developed, 
idapted to 
low-pressure-control ipplications 
mm. He). Chromatically of CO. 


tion remains unchanged throughout 


can, by the way, be 


of tube due to continuous supply 
remains unen 


line volt 


fresh gas; and. it 
with ordinary changes in 
New COs lamps are available in’ se 


shapes and wattage sizes. One v} 


model consists of 25 feet of 25-1mn 

ing bent back and forth in the for 
i. grid, affording a uniform and glare 
light source 3 sq. ft. In area. Ao 

of approx. 0.2 amp. is) supplied. | 
standard luminous-tube transfor 
power consumption is 600 watts. | 
ens per watt efficiency, though noi 
high as that of most gwaseous-disch 
lamps, is however higher than th 

tained with filtered) incandescent d 
light lamps New lamps have a guar 
teed life of 5000 hours Barkou-F 
Tube Lighting Corp., Long Island ¢ 


Wa 2 


Gear Measuring Wires 
\ new system of gear wires, suita 
for measuring the pitch diameter 
either 14! 
number of teeth from 9 to 200, slmpiiti 


or 20° involute gears of 


calculations, being based on. form 
given by Buckingham in his book “Sy 


Gears.” The svstem involves the use 





series of wires which are inversely 
portional to the diametrical pitch, to 
factors for each different numbers 
teeth from 9 to 200, and values of 
90° for use in measuring gears with 
numbers of teeth. Complete formulae 
tables showing how to make piteh di 
eter measurements are furnished 
the new set of gear wires 
Neure neo (ope land St Woaterte 


Mass. 








N 


Ne 








1 400 


dhe 


Polariscope 


: ‘ 
oelastic po 


Photoelastic 
perture phot irl 


is the polarizing 


following: 


sing “Polaroid” 





Hl tin iCls 
izer in rotating mount with sea 
[SO 
Juarter-wave plate in rotating mot 
scale Tor 90°. 
\ e space is allowed for a loadir 
me 
(Juarter ive plate in rotating mount 
ith scale for 90 
\nalvzer in rotating mount with scale 
[Sv 


Projection system 

ipparatus is regularly made up in 
dard sizes: 414", 6! ind $s 
re, although speci il sizes up to 12” 
le. For 
their own 
available any parts 
Polarizing In 
Vex 


ire availab those who 
construct ipparatus, 
ers will make 
require. 


S West joth 


eh one 


Theat 


ent Co Street 


Tube Tester 
Csi” 


measuring 


‘Model is a combin 
tester mutual 


of all It 


ohms, milli imperes, output, micro 


con 


Ube 


radio tubes indicates 


capacity le ve and. decibels 


tube tester it is dual reading, one 

e is marked “poor” ind “replace is 
lle the other is graduated on micro 
s of mutual conductance. It also ir 
cates the amount of hum in filter svs 
Is ind = checks the inductance of 
kes with or without the d-c Compo 
t of current. The a-c. volt-meter is 
id to be wcurate on all commerecia 
a mdio frequencies The ohmmetet 
neo batteries, operates from he 
ilt-in power pack. Indicating instru 
nt is Hickok-built d’Arsonval type, 
( ength yY etched dial with color 
rrouping of ranges. Same scale is used 
" ec. and d-e. volts, and it is uniform 
» copper oxide rectifiers are used, a 
Ctiieation being iwccomptished by vae 
m tube circuits. Case is rubber wal 


nis} 


t, operating panel is etched chromium 
| furnished 


All necessary leads are 
The His hook K ectrica Justrume nt ¢ 
Dupont Ave Cleveland, Ohio. 





Flexible Process Timer 














New “Microflex” Timer is of type. re 
ferred to as “instantaneous reset timer . ' 
in a normal cycle of operation it op EASILY CLEANED 
yr closes contro ) } + 2) 1 of 
akan eke eae pisstelivserss € The case stem of the Ames 
closing of its pilot circuit. and t]) = re Shockless Gauge can be easily 
‘hs inatentie Chekatendin actieinn Ke unscrewed, the lower halt 
said to be unusually wide range of tine the spindle withdrawn fot 
idjustment Among iWailable models are cleaning and the assembly re 
link: teks hain 4 cise et OOO ha 1 placed without otherwise dis 
In one model, a laboratory instrument, turbing the gauge. For details 
range is from 0.2 second to 120 seconds of other exclusive’ teatures, 
with-un aceucaey cf G4 cecdad- over « send for the Ames Gauge cat 
tire range. In othe r, range 1s from 2 alogue. 
seconds to minutes with aeccuraeyv of / J / 
1 second; in another, from 12 seconds to pron © Yh) ff A lar mes 
2 hours wit ecuracy of 3 seconds: in S VK. GAUGES 
the fourth, from 2 minutes to 20 hours B.¢. AMES COMPANY 
with accuracy of 1 minute. Adjustments WALTHAM, MASS, 

ire iccomplished by. rot iting dial or 
face of timer. Contacts re rated 15 

imps. at 110 volts Kaale S rl ¢ 
Moline, 1 

Relay-transformer Sets Rawson 

New electrical relav-transformer sets Py H+ 

ire said to be based upon mira! ais Twin Multimeter 
covery said to make it possible to obtai 
rel is tor handling loads up to 3) h-p. or 
L000 watts “and at the same time trans 





former at cost no highe 
simple re \ mnie | mad ‘ 
retnains of Irie ) ue ( ' 
either 11 r ve Its 

trol instrumie thermos midi 
ete.) is placed on lo voltage. Ih 
new desist THve me col 1¢ ( 
he relay itselt sO rd ‘ 
volt ore SUPDIN 2 B 
Friez § Se / Balt 





ze i2 x8 x6 
RANGE OF MEASUREMENTS 


t Price $165.00 


T Raws nea ing 1S 
ly es iving tw pivot “ 
weight is lifted from w « ) 
| ansit. Electrical imp i 
ws pli this purpose 


te RAWSON Electrical Instrument Co. 


CAMBRIDGE. MASS 























TYPE B 


Potentiometer 





\ standard laboratory potentiometer with 
ranges: 1.6 volt, 160 millivolts and 16 


illivolts 


These 4 ranges cover the entire field in 
potentiometer method is ap- 


including the calibration = of 


meters and potentiometers, the measure- 
ment of hydrogen-ion concentration and 
the accurate measurement of temperature 


with thermocouples. 


This is a highly accurate and convenient 
instrument used in leading college, re- 


search, and standardizing laboratories. 


isk for Bulletin No. 270 


RUBICON COMPANY 


Electrical Instrument Makers 


29 North Sixth St. Philadelphia, Pa. 








SHALLCROSS 


INSTRUMENT SWITCHES 


Single and Double Deck 


High grade inexpensive rotary 
witches employed in instruments for 
the ectior {f ranges, tapping re- 
stances transformers laboratory 
test equipment, decade boxes, Wheat- 
el igre lit and many other 





W rite Bullet 0-HA 


SHALLCROSS MFG. CO. 


COLLINGDALE, PA 











INSTRUMENTS 


Plug-in Instruments 
\ me svstem of detachable 


ments WHOSE 


instru 
sockets mav be cut into 


conduit, or grouped in standard metal 


boxes to constitute i panel issembly, Is 
innounced for general industrial put 
poses. Each detachable instrument con 
sISts of: | i socket unit provided with 
electrical connection Jaws: (2) instru 
ment unit mounted on priate ly Ing elec 
trical connection blades) on the back 
Sockets can be installed in all circuits 
feeding electrica loads) in industrial 
piants nd processes where it may be 
desired even if only occasionally to 
KON consumption ind performance 


characteristics. Socket provides its own 
switchboard, eliminating panels, Viring 


nd mounting details. Various instru 


ments can be plugged in same socket to 





watts, 


volts, 


obtain umnperes, power 


factor, kilowatt hours, ete. Sockets can 
be installed and sealed off, providing 
convenient outlets for future installation 
of instruments or making connections 
for port ible an ilyzers for pe riodic test 
ny 

Socket Unit is available with either 
two or three threaded outlets to receive 
ae ind 1 pipe conduit, or with 
breakouts in the back. It is equipped 
with terminal blocks fitted with solder 
less terminals for connection of the in 
Terminal 


jaws for re 


outgoing wires 


heavy-duty 


coming ind 
blocks Carry 
ceiving the switeh-blade connections on 
back of instrument base. Standard 
innounced in a wide variety 
vertical and hori 


sockets are 
of stvles, including 
zontal arrangements, two depths, with or 
without breakouts in the back, three 
sizes of conduit and with or without cir 
cuit closing devices 

lustrument Unit consists of a standard 
switchboard instrument dial and move 
ment mounted on a_ base plate. All in 
ternal connections are permanently made 
to base plate it factory. Base plate is 
equipped with heavy-duty connection 
blades to fit jav 
Instrument unit is enclosed with an ex 


receptacles in socket 
tra-strong annealed glass cover held to 
base pl ite with a metal band having re 
cept icles which slide on to lugs on base 
when giving cover unit i slight turn 
Glass entire 
pointe r 


cover exposes dial ind 


Operation of plugging instru 
ment into socket iutomatically completes 
connections trom socket to instrument 
Instrument is sealed to socket with a 
grooved ring, fitting over a flange on 


both instrument and socket, making en 


tire unit dust ind weather-proot lo 
remove instrument, sealing ring screw 
is loosened and = sealing ring removed: 
instrument mav then be pulled from 
socket without disturbing per nent 
Wiring 

Trough lnstallati s Where it Is ce 
sired to install one or a few instrumet 
for various forms of circuits, met 
trough is vailable equipped ith socket 





units. All wiring is made to and 


trough by conduit. ‘The necessar 
ments are plugged into the sO 
front of trough. Among advant 
convenience and all parts readi 
ible for a quick installation 
Ratings. Detachable 7” inst 
5) scale length, 1% iecur 
ivailable in a-« unmeters self-« 


up te and including 75 amps. Fe 


currents a current transtormey 


vith a 5-amp. detachable inst 
Single phase ind polyphase 
ire available self-contained up 


including 20 Ups ind 115 0 
higher ratings current transforn 
used, and thre potential circuit fe 
Oltaves 1s supplied with exter 
sistors or transformers. D-« 

ire vailable up to and inelu 
UNps. Se It-contained beyond Whric 
of “iype fs" 


: shunts is) avai 
larger currents using a 50-milliy 
imme ter \ line of both d-e 
voltmeters is also) provided ir 
from 150 to 750 volts self-contains 
ind 150 to 600 volts self-contained 
Westinghouse Rlectric \ Ufa. ¢ 
Pittsburgh, Pa 


Abridged Spectrophotomete: 
New Aminco ‘Type “V" Photor 


in abridged photoelectric spectro 
tometer, is said to be adapted to 

inv chemical analy sis where colorime 
methods may be developed. Wher 
nished with an 85-watt mercury 
lamp and. suitable filters it isolates 
various lines of mercury radiation. | 
work involving wavelengths that ¢ 
be obtained from a mercury-vapor 
Aminco Photometer can be used 
50-watt incandescent lamp 
filters for isolating the wavelength | 
that are needed. Even with no 1 
this instrument is said to be more sé 
sitive to color intensity difference 


ind suit 


the human eye, and gives more s 





} 
reproducible results than can b« 
tained with most visual colorimeters. | 
general laboratory use, the Aminco | 


tometer, equipped with i double st 


red, vellow, blue, green and violet 


is said to be more accurate and ac 
ible than a visual colorimeter, and 
onee Calibrated for particular nu 


the calibration is said to be pern 

ind there is said to be no necessits 

making up standard solutions whet 
I 


strument is used on same materi 





For use on 110-120 volts, 50-60. ¢ 
u.c., also for d.c. when used with s 
converter. Weight, 16 Ibs., measure 

13 i] overall lmerica / 
ment ¢ live \ O-S0 1 (Jeorau 
ie Silve Ss) 1s M, 








Sine Curve Plotter 


» fill need long felt by electrical 


inical engineers for an instru 
hich would 


i sine or 


f the Sine Curve Plotter a sine 


e curve mas he “completely plot 

few seconds.” All time-consum 
struction lines associated with the 
tional graphical method are elim 
The Plotter is simply i chart in 
on a 10”, 45° drafting triangle 





ill produce curves of any 
umplitude. To use Plotter, triangle 
ixis such that par 


percent 


iced over Curve 

ir interesting lines on the chart lie 
er points on curve axis (in accordance 
the point on the evcle ind the per 

e amplitude in and a 
is made at a corresponding left 
edge graduation of triangle. Triangle is 
ed along axis and other points simi 

rly plotted until curve is completely 
ted. Ordinates may be plotted at in 
vals as close together as 15° on the 
cle axis, if desired, thereby producing 
Although sine 
nd cosine curves are relatively dis 
ced in phase they are exactly the 
Sune shape, so the Plotter is equally 
locating curves of either 
pe. Instrument is incorporated in a 
igh-grade celluloid triangle to provide 
device of double utility. A novel fea 
ture of the triangle is that intersecting 
15° lines may be drawn without revers 
ing triangle on board i feature that 


ends itself to speedy drafting of ma 
lications 


question ) 


hly accurate contour. 


etticient for 


I 
ine threads, among many ippl 
1; Laetz Co... 9 S. Grand Ave Los 


Melting Point Apparatus 
New Fisher-Johns Melting Point \p 


us 1S sald to be simple to operate: 


re lres oniy sina sample for a cde 


ermination. It consists of eviindric 





stage, 2” di nd 
Is ( cle t ( ered 
! 
is nad micre ve 
K f edi re 


directly plot the 
cosine curve. 13\ 


ince Wire on tower side; temperature is 





ndicated by a B00°¢ thermometer wit 


red column and magnifving front, its 
bulb extending into the block to a point 
directly unde r circular depression Trans 


} 


furnished with 


mits steple ss re 


former 
vulation 


Of temperature 


Observation magnifier with adjustable 
focus is permanently mounted or brass 
st indard but can be swune ou if ( 
way when not in use. Apparatus can be 
emptoved iso as hot plate for mic 
beakers (up to 50 ce With thermo: 
eter at 160°C., it will boi ter i ; 
CC beaker set ol toy \p 

mounted or st ot Is Ing 

teri Fisher Ss ( / 


Air-operated Control Valve 
few “No. 350 Svynchro-Flow” di 


Live 1S said to represent 


it new deve Opment mm the desigi na 
Ives for utomatie A 
contro ur} St gE 
| the superstruc pe 
ure WSU ] SOuUTCE Ir 
f frictio ( H: 
been entire S 
eliminated’ ! Up 
re desig 
1c! the ! 1 
Té re 1s uni 
ers 1) 1Ol 
In the i e body 


inherent frictior 


aue oO velocity et 
fects forcing disk 
plug yainst side 
Ils of seat rings 


ruides has 


or disk 


sensit e, rugged stru ent 
Y +’ t y 
neral electr ( ind du ria t 
Ses 
put t 1) ¢ 
airsprir i ! 

gle-pole lout th 

erable i ¢ i 

t \ ¢ 
inted I f 
YX 
4 lard \V et 


LIST PRICE 
000 ohm field and unde 3 
000 ar 


2 000 ohn fie 


BELMONT 





SIGMA INSTRUMENTS, Inc. 


388 TRAPELO ROAD MASS 





heen minimized by 











the new oF jul 
poise’ design tT 

hicl the mall 

t ture Is a Tow 

diverting inle 
The renaining source of ftrictior t 
stuffing-box s beer minimized — | 
using small-diameter,  precisior 
ground ind polished stainless-stee 
stems, b Stel I ricator na ( ric 
itin fin bonnet for pplications here 
tempera ures hove 50°F or Helo 
32°F. might impair the properties of the 
~ 

> a 





ror 
sued oY I oF » r oe 
wed ¢ racter f | f \v" 
[ype B2” j \ 
a rabeo s. M ‘ 
( l est t > 
ibsolute 
crene ¢ ‘ 
roduce € ( 
Nize \I er 
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The New Science 
of “Robot”? Control 


FUNDAMENTALS of 
INSTRUMENTATION 


$2.00 postpaid 


Instruments Publishing Co. 


1117 Wolfendale St 


Pittsburgh, Pa 




















Storage Battery Life Tests 


By H. R. HARNER, Chief Chemist, and J. E. HATFIELD, Ph.D., Battery Engineer, 


Research Laboratories, The Eagle-Picher Lead Company, Joplin, Missouri 


N the manufacture and application of storage bat The present test fulfills requirements (1), (2 


eries, the development of a fully satisfactory labora t) quite well, but only partially fulfills requiren 
tory life test is a major technical problem. Numer (3). Results are obtained in eight to twelve weeks. 1 
us life tests of three general types are in use but none degree of duplication of results is shown in Fig 


Is entirely satist rctory The test described here is re pre 


sentative of thr type mn most gene ral use and is the sam 





























in principle is thre idopted lite test of the Society ot 1! ~ - 7 7 _— 
| | | 
Lutomotive | nygineers | } | | 
id | } | 
Che only certain way one may learn the life charac 12 i 4 | | | 
. e ° ° T T 
; 
‘istics of an automobile batte rv is to put A large num 3 | } } | 
rin all types of service and from the statistical study $10 
1 a eee —T 
4 ; 
5 = +— + + 
Editor’s Note: This ts the first article in a series on oO | 
the Testing of Storage Batteries, by authorities. » 
: @ a = _— = ae 2 — | 
nw | } | 
ao | | 
Px 
=| 
, “~ & ae - 
f the results decide whether the battery in question is = \y 1 ~ 
ter or worse than a comparison type batterv. This is = \ 
th a time-consuming and « xpensive process. By the 2 2-—+——_+___+__+__+__+_ + _—_4 
. J 
sults are gathered and analvzed the trend of the A | | 
" . a | 7 | } 
ndustrv mav have changed so that the tv pe batters ae gd | | Lifertest | cyclep | 
. _— ” “Ly > < 
sted is rbsolete The development ot i satistactory LUU cO0 500 400 
ee a ee cats ' oa . : , ms 3 
ory lite Ue is highly desirable so that only a Fig. 1. Example of Duplication of Results. 
W itteries need be tested and so that the test may be 
ompleted soon enough to be of value. A fully satisfac 
+ . lif Terxl ] t}) ] “u ‘ 
ory itl will do the following: where data from four original equipment batteries 
t 7) s xt ll T 7 y ~ 
L. Yield systematic rest on sy natie serie by the same company are shown. Batteries A at 
» i duplient res ts on duplieat yatteries o 
» Yield duplicate resu n duplicate batterie were made in 1932, while batteries C and D were 
3 Vir ad results Comparable vit] ctu servi » 1 
, : in 1934. It is evident from the results that the « 
tL. Viele eS i \ - 
pany in question made A decided Improvement in t 
\ batteries during the interim 
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Viel 





riry 





div ide d 


iutomotive starting, lighting and ignition 


into two 
Sit.) 


ivy-duty. Included in heavy-duty are farm-light 


ry service in general mav_ be 


oq tele phone and telegraph, vehicle . locomotive 
batte ries. All these 


batteries are subjected to a more or less regular 


rine services are Similar in 
ce of charge and discharge or cycles. Such serv 
ses the same type of failure, namely grid corro 
shrinkage of negative plate material and shedding 
te sts 


ie described here. and hence these tests are dirt etls 


sitive plate material, obtained on similar to 


irting and lighting service is characterized by no 
regular treatment. Cars are driven from a few 


sand miles a vear in the case of “Sunday drivers’ 
indreds of thousands of miles a vear in the case of 
The 


relative overcharge are seldom the same in any two 


tbs and commercial cars. electrical demands 


femperatures of use range from well above 100° F. 
far below 0 F. 
in car service is almost unpredictable. Failure may 


Consequently the life of a single bat 


ir through complete oxidation of the positive grids, 
ugh shedding of the positive plate active material. 
through buckling of the positive plates with conse 
nt cutting of the wood separators and shorting of 
cell, With the increasing use of thinner and lighter 
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° | | 
a | 
3 y E re 6 
g a \ \ | 
“3 ! t 
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de 1 200 300 Goo 

Fig. 2. Typical Commercial Battery Life Tes:s. 

grids (but more plates to the cell) buckling is becoming 


less a factor than it was with the heavy grids formerly 


in tavor. 


As is evident from the above, most automobile batts ry 
failure is due to failure of the positive plates, and con 
sequently laboratory tests are mainly tests of the posi 
tive plates. Occasionally batteries will fail in’ servic 
ecause of hardening or shrinkage of the negative plate 


+ 


ictive material, but this is becoming quite uncommon 


improvements in negatives. This 


of negative plate failure 


DV reason of 
ty pe 


nost types of laboratory tests. 


recent 
is brought out well by 

The E-P test causes battery failure through positiv: 
rrid oxidation, positive plate shedding, and shrinkage of 
or negative plates, just as does the similar S.A.EF. 
est. Neither is entirely satisfactory in that buckling 
t the positive plates is never produced to such an ex 
nt as to cause battery failure, even in positives that 
vould normally be expected to fail in service by buck 
ing. Furthermore, such a positive will usually give at 
XC¢ ptionally good life test by these laboratory methods 
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Flow Nozzle Research 





Introduction—Program of A.S.M.E. Fluid Meter Committ: 
By HOWARD S. BEAN 


Senior Physicist, Chief of Gas Measuring Instruments Section, National Bureau of Standards; 
Chairman of Sub-committee on Flow Nozzle Research, A.S.M.E. Special Research Committee on Fluid Meters 


HIS research program on flow nozzles was under 
taken at the request of the Power Test Code Sub 
committee on the Measurement of Fluid Flows, as 
transmitted through the Main Power ‘Test Code Com 
mittee. The reasons for this request were, on the one 
hand, that for the types of nozzles most used in this 
country the information that could be used as a suitable 
basis for acceptance tests was too scattered and meager; 
ind on the other hand, that most users of flow nozzles 
do not favor the type of nozzle and connections used in 
Kurope. 

The form of nozzle being particularly studied in this 
program has been termed the “long-radius” nozzle, in 
ontrast to the relatively short nozzle used in Europ: 
which is frequently referred to as the L.S.A. or V.D.I. 
nozzle. For the purposes of this program the more im 
portant factors considered in detining the contour of the 
long-radius nozzle were: That the forms of nozzles 
ilready in use and on which some test data were avail 
thle should be considered; that the nozzles should be 
designed primarily for use in tests, 7e., acceptance 
ests, since this was the basis for the request from the 
Power Test Code Committee; that commercial nozzles 
nay not be made to be exactly the same shape, although 
there will be some advantages in doing so; that the total 
length of the nozzle should be great enough to permit 
the locating of the outlet or down-stream pressure tap 
well back (upstream) of the outlet end of the nozzle, vet 
with minimum interference with the pipe flange which 
holds the nozzle. Karly in the discussion it was decided 
that the curve joining the flange and throat portions of 
the nozzle should be a quadrant of an ellipse. Later it 
was decided that the relations between the semi-major 
ixes of the ellipse and the pipe and nozzle throat diame 
ers Should be as follows: 

kor B 0.50 
r 1) r 2/3D : ==@6 D. 


In the future this series will be referred to as the 


Low-B Series.” 


For B > 0.40 

r 1/2 D r 1/2(D 1) é& 0.6 D 
This series will be re ferred 
—F* " to as the “High-8 Series.” 

| In the above relations 
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Some of the reasons for the dual relation as giy 
the low and high series are: The inlet surface 
lower ratio series ceases to meet the pipe wall a 
above B 0.43. It was believed by the Subcom 
that more nearly geometrically similar flow pa 
would be obtained if the contour of the inlet s 
were made to intersect the pipe wall at about th 
angle for all diameter ratios. This is achieved ov: 
entire range by the two relations. Also, to use the 
relation over the entire range would produce an 
sirably long nozzle for the larger ratio sizes, whil 
use of second relation below a diameter ratio of 0 
0.5 produces a nozzle with too much entrance sur 
A third reason was that the first relation has been 
to some extent in making nozzles for use in accept 
tests. For this reason the lower ratio nozzles are s 
times referred to as “test nozzles.’ On the other 
the second relation is much the same as one whi 
heen used in some commercial measurements of fl 
The overlap of the two relations between 0.4 
0.5 was provided to eliminate a sharp breaking p 
between them. Over this region the contours prod 
by the two relations are so nearly identical that no 
able differences in nozzle coefhicients are not expe 

A number of the I.S.A. nozzles will be included in 
research. The use of different pressure-tap locations 
be studied in the case of all nozzles. In addition, 
of the nozzles in the low-8 series will have pres 
openings in the throat of the nozzle. 

For the purposes of designing the nozzles it has beer 
venient to assume D, equal to the nominal inside pipe diame 
is given in such tables as Table 52 of the Report of the N 
tional Screw Thread Commission, 1933 revision. It alway 
necessary, of course, to measure the actual inside diameter 
the pipe in which a nozzle is being used, in order to deter 
the exact diameter ratio. 

The details of planning and carrying on the research 
gram have been assigned to a subcommittee of which the wt 
is chairman. The funds and services with which the prograt 
being carried on are being obtained through the solicitati 
voluntary subscriptions by another subcommittee of 
Kk. C. M. Stahl is chairman. The actual tests are being mad 
i number of different laboratories. One reason for this divi 
of the testing is that no one laboratory has the facilities 
making tests over the entire range of conditions included it 
complete program. Another reason is that it provides a 1 
ure of the reproducibility of results which may be obtained 
tween different laboratories, with their differences of pers 

nd equipment. The laboratories to which tests have b 
will be assigned are: 

National Bureau of Standards 

University of California, Department of Mechanical 1 

neering 

Cornell t niversity, School of Civil Engineering 


Lehigh University, Sehool of Civil Engineering 


Massachusetts Institute of Technology, Department al 

chanical Engineering 
Ohio State University, Dep irtment of Mechanical Engu 
University of Oklahoma, Sehool of Mechanic M1 
University of Pennsylvania, College of Civil Engit 
| rom me to time, papers ind reports ce iling with 
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etermining Flow Nozzle Contours at Bureau of Standards 
By FRANCIS C. MOREY 


Junior Physicist, National Bureau of Standards 


I. THE PROBLEM. 
NE of the problems assigned to the National 
Bureau of Standards in codperating with the 
\ American Society of Mechanical Engineers’ 
tid Meters Research Committee in their study of flow 
zales is the measurement of the nozzle diameters. 
mm these data it can be determined how closely the 
zles as manufactured conform to the outline calcu 
ed from the nozzle design relations. Such measure 
nts are of primary importance to users in judging 
ie quality of fabricating processes, as well as in inter 
reting the coefficient data obtained by the laboratories. 
[he method adopted in checking the nozzle contours 
was developed by D. R. Miller. Chief of the Gage See 
on at the National Bureau of Standards, assisted by 
ther members of that Section. After considering several 
ther methods suitable for only limited ranges of sizes, 
the method described in this paper was selected because 
if its simplicity, accuracy and adaptability to all forms 
if the nozzles. 
I]. OUTLINE OF THE METHOD. 


In brief, the method consists in placing the nozzle on 
its upstream flange surface on a surface plate through 
which extends an upright plug of known diameter and 
adjustable height. This plug is set to the height at which 
it is desired to check a diameter. The nozzle is moved 
wer the surface of the plate, and the horizontal dis 
placement, A, Fig. 1, along a diameter of the nozzle is 
found, from contact on one side of the plug to contact 
on the opposite side. This distance, added to the diam 
eter of the measuring plug, gives the diameter at the 


selected height - 


III. DETAILS OF THE EQUIPMENT. 
A jig was built up to carry out these measurements. 
Fig. 2 shows in part the apparatus with a nozzle for 
‘” pipe in position for measurement.) A 5-ft. section of 
extra-heavy steel channel 7” wide was planed off, to act 
as a surface plate. A hole slightly more than 1” in diam 
eter was drilled through the channel near the center. To 
the under surface a V_ block was attached. with its 











Fig. 1. Contact positions of nozzle, showing hor- 
izontal displacement. 


Fig. 2. The measuring jig in use. At the right 
is the height gage and indicator, with Johansson 
gage blocks used to adjust height of measuring 
plug. The nozzle is in position over the plug, with 
the null indicator button in contact with flange. 


groove in such a position as to hold the evlindrical meas 
uring plug projecting ve rtically through the hole in the 
surface. A clamp on the V_ block was provided to hold 
the measuring plug at any desired height. After assem 
bling, shims were inserted between the channel and the 
V block and so adjusted that the axis of the measuring 
cylinder is heid normal to the planed surface 

A 24” vernier caliper was fastened to the left-hand 
end, its movable jaw securely clamped to the channel, 
allowing the scale to slide through. A dial indicator, 
reading to 0.001”, was attached to the head of the 
vernier caliper with the button in position to contact the 
nozzle flange, and arranged to register horizontal dis 
placements. Two measuring plugs were made, their nom 


inal diameters being 83” and 1” respectively. 


IV. OPERATION OF THE MEASURING APPARATUS 


‘ 


In operating the measuring jig, the plug is first. s« 
to the desired height | 


vy means of a height gage. dial 


indicator and Johansson gage blocks. The nozzle is then 
placed over the plug and moved to the right until it 


comes into contact with = the plug. Then the vernier 
caliper scale is advanced until the dial indicator button 
contacts the nozzle flange. The nozzle is slipped back 
and forth at right angles to the vernier caliper, keeping 
its flange pressed firmly against the channel surface and 
maintaining contact between the curved surface and the 
measuring plug. During this operation the verniet 


} 


caliper seale is further advanced so that the minimum 
reading of the dial indicator is brought to zero. In other 
words the dial is used as a null indicator. The reading 
of the vernier caliper is then observed 

Next the caliper is backed off. the nozzle is moved to 
the left into contact with the plug on the other side, and 
a second similar setting of the scale is made. In this case 
the null reading of the dial indicator is a maximum 
rather than a minimum. Care is used to see that the in 
dicator button rests very nearly on the same spot on the 
flange as in the first observation. The difference in the 


vernier readings, plus the plug diameter, gives the noz 


zle diameter. 

















\V. CALCULATION OF CORRECTIONS 


It wa found upractical to have Sharp corners on 
the end ieasuring plugs, since in use these cut 
d lie polished surfaces of the nozzles It 


was necessary to round the corners at the ends 
t rSoas nearly 


vas possible to true circular qu id 
1 to determine the radii of these curves. ‘This 
essitates corrections both on the hie ight and di ineter 
t plug used. since its point of contact with the noz 


tour surface will lie below the top of thre plug. 


correction 


In n iking the measurements thre plug Hhe 
is added to the height at which it is desired to check the 
liameter, and the plug is adjusted to this corrected 
position It is thus possible to select ins desired height 
rt ontact, and to « npute the effective diameter the 
plug wil lisave When so set. The methods ol computing 

ese corrections and of calculating the theoretical diam 


ers i now bye desc ribed. 


Fig. 3. Illustrat- 
ing the common 
tangent at the point & fF 3 
of contact of nozzle 
and measuring plug. 
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\ Long rad us nozzles. 

Fig. 3 shows a section of a long-radius nozzle in con 
tact with the surface plate MM’ and touching the meas 
uring plug at point D. Let the origin of coordinates be 
it O, with OB and OA as the positive portions of the 
rand y axes, respectively. As explained in the introduc 
tion, the nozzle surface is formed by revolving a quad 
rant of an ellipse about the axis of the nozzle. Ther 
ire two series of nozzles, known as the low-f series and 
the high-@ series, based on the ratio of the throat diam 
eter to the pipe diameter. Denoting the pipe diameter 
by 1I),, and the throat diameter by D., 6 1. / Dy. Tin 
detining equations for the two series of nozzles are given 
in the introduction, and will be repeated as needed in 
this article 

In ] ig. 3, let the sell major and sell minor AaXesS be 
r, and r 
point of contact D of the curved surface ADB with the 


measuring plug be 2 and y. It is now desired to find the 


respectively, and let the codrdinates of the 


ingle 4 between the surface plate and the common 
tangent at the point of contact, in order that the neces 
sary corrections may be computed 
Che equation of the ellipse with center at the origin is 
i ak SP ri? . ° . l 


Differentiating (1) gives 
2r-y dy 0 

dy da r. Yr, ) ax/y). ; 2 
Since the derivative is the tangent of the angle between 


the positive portion of the 2 axis and the tangent to the 


curve, and since tan tan (180 — d), it is evident 
that 
tan © r r rey 3 
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But since & and @ are complementary angles 


Solving equation (1) for y gives 


7] r r \ r I 


which enables us to express equation (4) in ter 


ind constants only 


If now we elect to check the nozzle diameters at 
tain fractional heights, as O.1r,, 0.2r,. ete... we can 
ther simplify equation (6) for these positions, and 
the case of the low-f8 ratio series we can even num 
cally evaluate the result. Tables I and IT give these d 

The factors given in Table I can be used to comp 
the corrections applied in measuring all long-rad 
nozzles. However, since the semi-axes of the low 


series are defined by the relations 
r 1) r 3/249 


the ratio r./r, is constant for this series regardless 
the size of the nozale. Thus Table II presents the valu 
of the cotangents and of the corresponding angles, { 
all low-@8 series nozzles. 

To obtain the height and diameter corrections let | 
Fig. 4, be the point of contact of the plug on the no 
zle, and let GH be the tangent common to the plug and 
the nozzle at that point. Denote by Ky the correction 
AB to be added to the height of the point of contact 
obtain the true height of the top of the plug. Let t! 
radius of the edge of the plug be r. Angle ACF is 
determined from Table I or Table II. Hence: 


kK AC — BC 


r—rcos @ Fig. 4 Corrections H 


r(l1—cos@)...(8 due to edge-radius of 

measuring plug. 
Similarly, letting Ky be 

the correction to be sub f 

tracted from the plug f “al 

diameter to give the effec 

tive plug diameter, 

BED lo Kp EC — D¢ 

r—rsin@ 
Ky 2r(l—sin@) . ; . i) 
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Since 64 is complete ly determined for each he ight to 


) 


the low-8 ratio series. Table III gives the actual cor 


Tasie I. Vatves or 2/ \/(r-— 2°) AND ITS LOCARITUM 


FOR LONG-RADIUS NOZZLES. 


O81 0.21 0.97980 1 0.2042 9 31012 
(Vt 0.41 0.91652 1 0.43654 +64002 
0.4 it OSO000 7 0.75000 GQ RT50¢ 
71 0.71414 0.98020 144] 
0.2 8 0.60000 1 1.33333 1123494 
0.1 9 j ! ? OH4ATI 148¢ 


Taste I]. Vatves or 6 For Low-f sERIES NOZZLES ONLY 


Height Cota 0 

nta 

iS 13 t Pe 

' 1.2910 rf 17 
4 5000 DF 
.3 1.65357 t 0 
2 RSS89 qR° 2 
l T6047 ‘ 











ons applied to the measuring plugs used with the 
9750! 


iratus. The smaller plug has a diameter of 0.37: 
in end corner radius of 0.010”, while the larger 
is 1.0005” in diameter and has a radius of 0.034” 
s end. For the high-§ ratio series a graph giving 
orrections has been prepared for each plug size, and 
computing the values of 6 from Table I the cor 


ons mav be read directly from the chart. 


I.S.A. Nogales 
l'o determine the corrections for measuring the L.S.A. 
zles a similar table may be prepared. kig. 5 shows 
principal dimensions and relations of the I.S.A. form. 
BGE has its center at O and radius 1/3 D.. At E 
curvature changes and continues from center C with 
dius 2/10 D.. Hence OC equals 2, 15 D,. Point C is 
mnplete ly determined because AB is made 1/4 D 
Ihe total height of the curved surface will first be 


mnputed. 


AD —CD + AC 
0.2D,+ /Y (2 15 D*-1/12D 


0.30408 D. . 5 é ° : . {10 


This enables us to compute the desired heights of the 
points of contact. It can easily be shown that for the 
tirst position, 0.1 AD, the contact falls on the are DE, 
of radius 2/10 D,; but that for position 0.2, AD and 
higher, it falls on the larger are EGR. 

From Fig. 6, for the first position, 0.1 AD 
0.030408 D, 


LC CD-LD 0.2 D, — 0.030408 D., 


Cos @ — 
CM CM 0.2D 
Cos 4 0.84796 
o=32" 1° 


lor the other positions, referring again to Fig. 5, 


IG 0.30408 D,—0.30408 nD 
Cos 4 — - = 
OG 1/3 D 
where n 0.2, 0.3, 0.4, 0.6 and 0.8, successively, denot 


ing the position. 
Cos 4 0.91224 (l-—n) . : 3 : ; ; 1] 


Table IV applies only to I.S.A. nozzles with £ less 
than 0.67, because, with larger diameter ratios, the pips 
wall encroaches on the curve of smaller radius as can 
easily be seen from the geometrical relations shown in 
Fig. 7. This makes it necessary to set the plug lower 


than would otherwise be the case, since the fractional 


Taste III. VaLtues oF CORRECTIONS AND OF EFFECTIVE 


heights are still « miputed trom the length DA. To t 


this correction, DQ, note that 


QD ey ()¢ O21) 0.21). cos 


0.1) l Sa | 
| quations 1 ind 1 4 nake t poss { } 
the corrections to be subtracted from the plug setting 
— . ' 

Che reliability of such measurements is somew it q 
} ee 


tionable, since in making the nozzle it is difficul 


off the nozzle flange to exactly the right distance, DQ 


In some cases, however. errors of this kind have been 
revealed by the measurements. Obviously if the dian 
eters as measured are ill too large, facing otf more of 
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Fig. 5. Principal dimen- Fig. 6. Relations used in 
sions and relations of I.S.A. computing corrections for 
form. I.S.A. nozzle measurements. 


the flange would bring the nozzle contour more nearly 


into accord with the specifications. If the diamete 
all too small, too much metal has been 


other hand, measuring from the mouth of the nozzle 


probably would be no bette $ hecause Ot irger r 
ances allowed on the length of the throat 
VI. CALCULATION OF DIAMETERS. 
A) Lonqg-Radius Nozzles. 

As previously explained the diameter measurements 
are made with the measuring plug so adjusted that the 
height of its point of contact with the nozzle above the 
surface plate will be in simple fractional ratios with the 
semi-major axis of the generating ellipse We will now 


+} 


proceed to develop equations DV means ft wih rhe 


PLUG 0 A” -70, — D, 


4 . ¢ — - 
DIAMETERS FOR LONG-RADIUS NOZZLES, LOW-/ RATIO SERIES ONLY ry R 
by 
Height of Qe Small plug 1 0.010 Large is | 
contact Kr Kp heff. d Ix Ix 
OST R2° 15’ 0.0087” 000017 0.37¢ Vo294 ( CX 
U.6T 13 ¥ be 0.0072 0.0008 Oe ay 1.998 
O.47 : 26’ 0.0056 0.0022 0.374 & 7 192 9 ¥ 
yf 50” 0.0046 0.0033 0.373 is a Q 
1s 91° 0.0034 0.0051 0.371 0.0114 17 iS E<) Q. 
0’ 0.0019 NV O083 0.368 F x 7 i 
er ” oO 
aA € 3 
Taste. IV. HeiGurs oF CONTACTS, ANGLES OF TANGENTS. PRET ae an 5 =I < 
CORRECTIONS For I.S.A. NozZLES WITH 2 0.67. cs OD, 
Position Height of a Small Plug, 1 z 
contact K Inf, diar K » 
OLS 1.24326 D 79 29° 0.0082” 0 7 72 -_ 
. a 
if 1.18245 D. 68° 36’ 0.0084 27 
4 12163 D. 56 49° 0.0044 ) 37 1k a 
1.09122 D5 50° 19’ 0.00 7 37 .: Fig: 7. Showing how pipe wall encroaches 
2 1.06082 D. 13 7’ 0.0027 0.369 174 on curved surface of I.S.A. nozzles of large 
,02041T O.0016 O86 diameter ratio. 
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theoretical diameters at these positions may be cal l'aBLE V. VaLuEs or N, (7—4N)/2 AND THEI! 


lated LOGARITHMS. 
Referring again to Fig. 3 and equation (5) we have : \ EES (7_4N) 
y gag ee Ns € I : : ) v 091% 1 96214_-10 bE70 
} SOU 4 ) ) 
Lu Nh | ight ot pomt of contact above surtace 0 0.71414 q & ra: ) 0717 ‘j 
VIM 2X X 
hi I ! 
or l r lh ) : 
ante VI. VaLues oF MULTIPLIERS FOR COMPUT! 
Substituting (15) in (5) gives, on expanding, DIAMETERS OF I.S.A. NOZZLEs. 
yf r Y \ r r Pr h hh | tio 0 1 (] in@) Lo 1 
0.0048 
/ r /r. VY (2r,h-—h 1 , 0191 
s ' 14S 
' , 0.06 
As before. we want to know the diameters at selected 06 
ictional he olits. Therefore let { ne Of O4 arn 
8 
" n? whe n 0.1. 0.2. 0.3. 0:4. 8.0.4.8 
SUCCESSIVELY) 
! I \ Zrn nor 
\ ! 2n n 
! 2n n 1% 0 
: . = no so me D, _ rp - 
For simplicity of notation we may let N \/2n—n 
. r.N Is v 
Applving this equation to the low-/ series of nozzles, 
lefined by the equations 
ng Aiea a ra I -o-—-7 
~ £ 
? Z > 1) 6 ° ° ° ° ° ° ° ee 
. a 
t is evident from Fig. 8 that the diameter D of the ee 2 a. 
nozzle at a height h above the surtace plate Is given by Fig. 8. Relations used in computing diame- 
1) i). or. — Bs ters of high-/ ratio long-radius nozzles. 
But since from (18) and (7) both y and D, may be 


} F changes as previously explained, thre diameter ot ft 
expressed in terms of r, we have : 
nozzle will be 














1) 3/2r,. + 2r.—2r. N 
1) r,(7-4N)/2 . : ; me & bh ) D., + 2Z 
Table V gives the values of the multiplier for the But since Gk IB 
selected measuring positions. DD D, + 2 (1/3 D,- 1/3 D, sin é 
Not as much simplification is possible in applying D. + 2/3 D. (1—sin @) 
equation (18) to the high-8 ratio nozzles, which depend 
; ° ) ) 2/3 _ 4 ZZ 
on both pipe diameter and throat diameter according to therefor D, [1 2/3 (1—sin )] . : 
the equations For the first position, below the point E, it will 
r 14 D seen from Fig. 6 that 
6 i _ ) ?()) 
r,—= Ye (D, -D; ee C21 D — D, -+ 2(AB) —2(MN) 
In these nozzles the semi-major axes of the ellipses D, + 2(14 D.) —2(0.2 D, sin 8 
coincide with the pipe wall. Hence in Fig. 8 D. (1+ %-04sin 8) 
D + 2r 1) D D a ; 
4 7 (3/Y%- Hf) y Bs, | 
and it follows that therefore i, a a 0.4 sin : ‘ sie 
D D, —2y In using Table VI, it must be remembered that, wit! 
D, — 2r,N . . . (21) nozzles of PB greater than 0.67, the lowest position may 
be cut off by the pipe wall. In that event the nozz] 
B) I.S.4. Nozzle diameters. diameter for that position, as computed above, is found 
In Fig. 5, let the distance GK, taken at any desired to be greater than the pipe diameter, which is absurd. 
height above the surface plate, be denoted by Z. Figs. 9 and 10, with their tables, give the results 
Then for all points above the point E where the radius measurements on two nozzles of widely different size. 
Fig. 9 Diameters Differ- Fig. 10 Diameters Differ4 
Nominal | Observed | °"°® Nominal | Obseryea | °"°° 








Throat 2.000" | 1.99948 13.00" | 13.002" 





2.040 2.039 +0.001" 13.086 13.027 | -0.059" 
2.167 2.168 $0. 001 13.3 13.295 | -0.060 
2.400 2.403 HO.003 13.85 13.833 |-0.017 
2.572 570 -0.002 14,215 14.204 | -0.011 
2.800 2.799 +0.001 14.700 14.707 | +0.007 
3.128 3.125 +O .003 15.397 15.432 | +0.035 
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Vear Resistance in relation to Hardness 


Sixth inst nt of “Har H 


By S. R. WILLIAMS 


Professor of Physics, Amherst College 


Irie ch in 


offers the following explanation of the 
ot advrasion: 
Che surtace of any material, even if it may 


to bye 


Lp rp ir to 
smooth, has innumerable 
teeth OF a gear 


naked eve microscopic 


Tuberances which look like the wheel 
w. if the 


ted contact during rolling or sliding under a certain 


surfaces of any two materials come into re 
ssure, the protuberances on these surfaces of contact 
ik down by fatigue, giving rise to new protuberances. 
tbrasion is caused in this way and the amount of the 
ttuberances broken down is the amount of wear. The 
rn off powder present on the contact surtace of two 
t-pieces plays the sam role as the proturberances, or 
saw-teeth, thus resulting in a greater amount of wear 
If the powder is harder, it acts like the hard teeth of a 
iwoand results in a greater abrasion than in the case 
where it is not so hard.” 

Now let us consider the abrasion experiment between 
the same material. In the combination of the test pieces 
if the 
number of proturberances coming into contact in each 


same material rotating at the same speed, the 


est piece, and consequently the dipping in it will no 


A 


Fig. 34. Theory of difference of rate of wear. 


doubt be the same with each other. But if the spe ed of A 
is smaller than that of B, there is a slipping a’b’—ab, 
as is shown in Fig. 34, the contact lengths of 4 and B 
being ab and a’b’ respectively in the same duration of 


rotating. In other words, the contact area of 4 covered 
in a given period is smaller than that of B. Thus, if the 
protuberances in a unit area of these contact surfaces is 
the same or nearly the same, a smaller number of thi 
protuberances of 4 will come into contact with a larger 
number of them in B. By virtue of this difference in the 
number of contacts the destruction of protuberances on 
{ is greater in number than that of. the protuberances 

Saito proceeds then to show that his results are in 
igreement with his proposed theory. One striking agree 
ment is in the increased abrasion of the slow moving 
lisk as the slippage is increased. The results, it would 
seem, might have been deduced from the experience of 
In this 


form ot 


hose who use diamond saws in cutting glass 
a thin sheet of soft metal is cut in the 

disk. By edge of this disk 
small pile ot powdered diamond, small parti les ol the 
latter will imbed themselves in the edge of the soft metal 


disk and form a saw which may be used in cutting hard 


process, 


ircular tapping the into 


S Saito A Se of A 


\ 


naterials Che partic 5 a ! irry wav ft 
icles of th ! rial to be cut. It is ar il is 
concentrated along a narrow Jin As will 
it as i Continuous serateh proces in whicl t 
many points following on fter the other in 
made by its pr decessor. Increasing the speed. 
slippage Increases ft rat ( ting mora 
Ssailo found In his Work, | irthermore, 1 ir 
necessary to invoke th property otf fatigue t 
Salto s pro therances broken off. Thev are simp 
otf by reason ot weakening d to der 
other abrasive processes. Phi powder tormed by 
sion pertorms— the art) carried it by e a 
pointer on the cutting saw just described. T] 
cles, since thev will be predominantly harder tl 


mass trom which thev are cut. will imbed thems: 
the disks ais did the diamond powde ri and so th 
value ot 


abrasion) goes merrily on. The 


l 
ting mav be 


seen in spinning i circular disk Oot W 


paper it high ingular speed ind using it as a buz 


ror cutting substance S mt h hi irae r 


Saito suggests that his work may be applied 


design of bearings. He 


consist of different materials, the harder one n 
used on the side which has the larger contact art 


unit of time.” This is exactly the 
shaft 


pr iClice 


meets with a= steel rotating in a Babbitt 


bearing. 


RUBBER ABRASIVE RESISTANCE TESTER 


The American Instrument Co. has developed an 
designed to simulate the wear and tear on rubber 
A drum 6” in di 


, ‘ 
apout £5 


rials over a long period of time. 
is driven by a 
On the 


of standard garnet 


h-p. motor at a speed of 


t 


surface of the drum is fixed 


ind is held on the drum by rubber bands 


The test specimens of rubber are 1” square an 
thick. Three of these can be tested simultaneous 
ire held under levers which may be weighted as 
in Fig. 35. By means of a Veeder counter tl | 
of travel of the specimens of bber oven e al 


whereve 


pape ff [his SerTves is The it) 


Savs, ‘It two contac surt 





American Instrument Co.'s abrasion test n 


Fig. 35. The 


rubber products. 








Fig. 


Fig. 





y bt tined The mount of Wenr Is deter 
| rages re idable to 0.001”. In practice thie 
t tt evers are idjusted tO Qive Lt pres 
) hys 
AR TESTS ON HARD ALLOYS 
m4 1\ \ recent Vears there Lave been de 
d ws which are being used in cevlindet 
nyeines ind Pups, as well as in many other 
I t that Lest illovs showed high 
bv some Of the st indard methods did 
ruiv @ive assurance that hey had high went 
In cent paper lh reeman studied relative 
ire ol me of these hard illovs by fest in 
Was swecomplished by pure sliding contact 
Wil st d in thre se Tests ben mse OF ts low | ib 
yPEPUICES L hie il te np Was made to simul ite 
king conditions 
Stellite, a chromium aluminum molybdenum 
nitrided nitrallov. a case-hardened steel, whit 


4 


Compressed air 
connections for blowing sand. 


M I 


l 


36. Zeiss abrasive wheel 





NTS 





hardness tester in practical use. 


oe gee 
37b. Operating levers 
on Zeiss instrument. 


Fig. 








cast iron, and an alloy cast iron were some of thi 

tested. If the alloy Of cast Iron on an alloy ot cas 
had a wear ratio of 100 then these various alloys r 
the way down to Haynes Stellite on Haynes Stelli 
ratio ot O.4, 


summary, the 


1 wear 
In 


| 
have been 


iuthor states, “Tests and app 


described by which the relative sliding 
resistance of some hard illoys has been determined 
been 

Both s 


accompanied by a str 


surface conditions wear have 


1ecomMp inving 


with photomicrographs of the worn edges. 


ind ridged surfaces wert 


which was indistorted and smooth even under the 
The galled 
worked laver of hard material, which, in the ¢ 
to ot 


inte rsp rsed throug! 


scope. surfaces were accompanied 


white cast iron, was shown consist iron ¢ 


with small @rains of pe arlite 


ABRASIVE WHEEL HARDNESS TESTERS 


of abrasive method 


measuring hardness two other methods should bx 
tioned. First, the Zeiss Abrasive Wheel Hardness ‘Tl: 


whereby 


Before leaving the topic 


This is a device a jet of sand is blown 

definite point on the surface of the specimen to be t 
and the resulting hole then has its depth measured w 
a definite quantity of sand has been directed at this 
point. It the 


grinding wheels and could be employed to advantag 


finds a wide use in testing hardness 


the measurement of different kinds of glasses, mar! 
or granites. 
ig. 36 shows the instrument in practical use. | 


37a and 38b show the operating levers and the com 


tions for the compressed air and the sand. Fig 
the of the tester 
abrasive or grinding wheel a in place ready for testi 
The left hand the handle +, the 
body on a parallelogram ¢ so as to bring the mouth piece 
the With the right hand the dial gag 
it zero. Lever f is then pulled forward to its limit, 


yr. 38 shows 


essential elements hardness with 


moving instru 


or isps 


contact with work a. 


Is set 


ind 








hy opening thre compressed iir cock illowing tL meas 
umount of sand to pass through the nozzle 
4 g } 
chee ea). ellie : 
——- t \ 
MI 1 : ro B 
| Sine 
l +) Lye 
——__— _ q ae dD} 
\ d Mig~a- ld 
\ A fo 
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Fig. 38. Details of Zeiss abrasive wheel hardness tester. 


been blown through, as evidenced 


] 


lever | 


the change in 
depth of 


nose, IS pushed back to its rear In 
produced by the sand blast is re 
the 


inch in 


the hole 
«. It is desirable that 
ibout of an 
tilled 


idjusting 


should be of 
for the gr 


Stop 


from the sand 


} 


Ss ind rd 


SIZ¢ The sand is 





diameter 





into the storage 


hopper at q 
tir, the 
the discretion 


used in the compressed pressul 


from the manometer ¢ At 


er or, the pressure hi L\ be set at 7 or 12 pounds per S 
neh bove what is called a normal pressure, or at this nor 
rressure different quantities of sand may be used, \ 
between 0.8 and 6.8 ecubie inches of the same 


[t’ is only fair to add that, after all, the Zeiss ins 


ment really tells us more about the bonding mater 
than it does about the grains of the abrasive held 


bond Whe n thre 


the grinding wheel, only the bonding material is 1 


gether by the sand blast is shot again 











athode-ray Oscillograph Applications 


Cat rav O ¢ It \ 


By RALPH R. BATCHER 


Radio engineer; cathode-ray and electronic application specialist, Hollis, L. I., N. ¥ 


REGULATION OF WATCHES 


ition pick-ups employing piezoelectric crystal ele 
have been used for several years in chronographs 
regulation of watches and clocks. One manu 
rer asked for a pick-up to be used with a small 
30”. The tick of these 


1eS IS hardly audible. Before a pick up ot the high 


. 7 
watch measuring only 1 


ivity required could be made it was necessary to 
w what frequencies predominated. One of these small 
hes was mounted on a Brush “VP-1" vibration pick 
Che output of the pick-up was fed through a vacuum 
amplifier into a cathode-ray oscillograph. Using a 
t-frequency oscillator it was found that the watch tick 
duced a range of frequencies from 60 to 17,000 e.p.s 
dominant frequency was found to be 3,000, with 
prominent frequencies at 7,000 and 17,000. 
Che crystal element used is designed to have a natural 
eriod of 3,000 c.p.s. as it will generate a maximum volt 
for a given amplitude of vibration when excited at 
s resonant frequency. The unit employs the inertia 
principle, the vibratory forces being transmitted through 
driving pin to the element supports. The bender el 
ent is mounted at its mid-point to a small aluminum 
frame equipped with a driving pin at one end and pivited 


t the other. 


Fiek up Crystal element 

















O 


. 
rq = | 
ig. 3 


It was found that the watch produces the greatest 











implitude of vibration when placed on its edge so that 
the es¢ apement wheel will be operating in a vertical 
plane. The point of greatest vibration was found to b 
m the top edge close to the escapement wheel. 

In operation the pick-up is arranged as shown in Fig 

The driving pin of the pick-up makes contact clos 
0 the escapement wheel. Vibrations caused by the move 
ment of the escapement system cause the crystal element 
to generate voltages similar in characteristics to the vi 
brations. These voltages are amplified by means o 
vacuum-tube amplifiers. They may then be converted 
ack into mechanical impulses which are compared wit 


standard impulses produced by synchronous machine rv. 


ELECTRON MICROSCOPES AND TELESCOPES 


(mong special purpose applications of cathode ravs. 
that of the electronic microscope has received a great 
al of attention. The principle of electron optics is al 


re ady widely utilized in practice in the concentration 


+} } : ‘ 1] ‘ 
le electron stream. However it is as easily possible to 


, 1 
hy altering the 


produce the effect of a diverging lens 


electrode design so as to interchange the position 
! 
+ ] + +} + +} 
focal points in the svstem, thus spreading thi gv 
the cathode to cover thre Whole scl n Wher 
, , 
Image Is correctly focused, it is found that 
ary +) + 4} . . +} ; 
Variations of t various points mM” the Surtsac 


; 
greatly enlarged 


. is ] int f° 27 ] ] 

A practical idap ition OF LIS POTN L pote nas nN 
closed by Zworvkin in his electron telescope. H 
differs from the usual tube of the tvpe described 
preceding paragraph, in that the cathode is 
caesium-caesium oxide-si ver photoelectric surta n 

a) eee = , Ba odie ae ' : 
usual case a particular view Is projected ereon, § 
the magnitied image of some microsc pic organs plac 
on the st ige of the ordinary mi roscope and 
by some external source. Thereupon the electroni 


sion from this cathode is further magnified electronic 


ind reproduced on the fluorescent screen. Beside 


possibility of thus securing further magnification 


tube enables the demonstrating of the speci: 


groups, and enables the image to be viewed with a m 
mum of eve strain. It also is possible to view 
illuminated with ultra-violet (or infra-red gr} 
photoelectric Surtace provided Is sensitive to s “ 
lengths. At the other extreme. the image received thr 
telescopes can likewise be focused on the cathod 
subsequent reproduction on the fl rescent n 


s Reset Tim 


The Microtiex Instantaneor 


and uncanny accuracy in the timing of manufacturing 


PROCESS TIMERS 





I N . 
Pa I g 
Cat. No. HX10 
Trade Mark Registered 


All tume adjustments on a front dial. Contacts of 


¥y”" diameter silver. Contacts can either open or 
close at end of time interval. Available in all 
standard voltages and frequencies and in the fol- 
lowing ranges of timing: 


Minimur Ma 


seconds ¢ 


ic seconds ¢ Pa 


EAGLE SIGNAL CORPORATION 
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INSTRUMENTATION FORUM 


PROBLEMS — SOLUTIONS — DISCUSSIONS 








PROBLEM (No. 6) 
AUTOGRAPHS 


APRIL 
SPEED-TORQUI 


“We manufacture a large variety of 
fractional- and integral-horsepower motors, 
ind have to have speed-torque curves on 
each new design. It is difficult to obtain 
the ‘unstable’ portion of the speed-torque 
curve on a dynamometer, by reason of 
heating of the motor rotor. Moreover, the 
familiar methods employing recording in- 
struments require calculations from two or 
more simultaneous records: speed and 
torque; time and known inertia of disk; 
etc. What we require is a method where- 
by each curve will be drawn directly on a 
rectangular chart, of which the coordinates 


are speed and torque.” 


‘ if r em Numbe 
\ i ead { 7% ced caretu 
/ four editor first 
} hema f« pu 
ths Forum. Our sec 
f I CK ) edure 
‘ { i ‘ j udage and jur as i'é 
/ f ith the first five 
} | ] manuscript 
ed ered mai f the 
/ / ee / é “urde f mquery ' 
fey ! ‘ printed ! Prohlem 
Vu S We) f let him be the 
‘ fie ii if ‘ t f fj ‘ ‘ 
‘ 
That is what we did, and the outcome 
s that, i uch cases, see d thoughts 
est. The Test Engineer pointed out 
ething that makes this month's Forum 
uel ” ‘ feresting, namely the na 
u f fhe chief difficulty This had 
6 stated plainly enough “Tt is diffi 
ult ft fain the ‘unstable portion 
reason of heating of the motor rotor” ) 
uf most j the seven suqgestions did 
eUCIMNGE fu appreciation of all that 
the words unstable and “heating am 
plied 
/ fhe sf paragraph of his letter 


furning the ma uscripts to us, the Test 
/ (ines pul fhe whole thing Moa nut 
he / obfaim the 
jt / fe wash out the effects 
f rote heatina he stated, “the whole 


to GO seconds 


unstable portion 


wus # arawny in 
Less fha 1 minute! Consideration of 
/ 


t effects compelled the rejection of 


uagdestiu eg Wwe had admired for their 


yenuil clear en pe sifion and good 
ifismanshiy One of these was hased 
f / eddy-current rake, but 
/ yuired ¢ dif Ss 7% ! 
t “un / ula 
fe preate fhe 
/ ed? lified ecrad 
‘ I> he ! thre i 
/ tvftan ! r 4 fire 
he ou CTF i the 
edad a ‘ i 
‘ f pee 
j pP ( 
\ } e Test 1 
f ‘ t 
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Here’s what made Problem No. 6 tough. 


Changed to vary the torque, but the Test 
F 


Knaineer declares that this idea neglects 
sfarting forque inertia effect of prope lle) 
and calibration The propelle r would 
have to be calibrated at a qreat number 
f speeds and a great number of pitches 
md the set up would not draw a speed 
forque curve if would draw a speed 


lisplacement curve and then. from oa 


calibration chart a speed forque curve 
uld be drawn 
Only one was marked “Possible hy the 
Testing Engineer: Elmo Hanson's 
Now as to the future your editor 


hasn't decided whether he will again shox 
a monthly batch of sudge stions to anyone 
else hefore publication. He can only 
promise that he'll keep up the interest 
value of this Forum, adapting fhe means 
to the 
NESSES when. as and if MFRB 


needs calling on “expert wet 


85 PRIZE SOLUTION 
By ELMO BK. HANSON 
MINNEAPOLIS, MINN 


Shaft A transmits power from the mo 
tor to flywheel D entirely through spiral 
spring B. The flywheel is of such an in 
ertia that an appreciable interval (say 
minute) will elapse from the time the 


motor is started until it is up to top 














| 
~ ———y 
Cc B € > ” 
I F J | 
. A G uJ I 
! ERIMW > 
Moto n U | K | 
| 
| } 
pt } 
y - a 
| | 
N 
~ 
~ 
speed. Beari ( rt e fivwhee 
1 mints of sic \ Nov tive 
L r dl ce ( offs t \ ith re 
ect to the nor ero torg posto 
I is directly mortion o the ‘ ( 
I lit ) \. Shat \ 1 keved 
n ear | ile 





it must rotate with the shaft, it 
to slide along its length. A> pr 
fastened to the inner side of. the 
shaft through D> engages this 
Therefore any angular displacen 
\ with respect to D is translated 
lateral motion of F. This moti 
transmitted through the pivot beari 
to the recording pen K. The per 
rests in guide bearing I and _ js 
igainst the pivot bearing by a 
spring H. A carriage J holding t 
cording paper rolls on tracks whic 
perpendicular to the pen-arm. ‘The 
tions of the carriage on the tracks 
trolled by the speed of the motor 
. friction pulley or gear meshing 
the flywheel, M is a governor arr 
ment for actuating the lever N and 
fore J. Obviously in practice this si 
mechanical arrangement would ha 
he modified to give a linear relatior 
between the position of J and the 
of the motor. 

The instrument could be calibrate 
torque hy ipplying known static tor 
to the shaft A and noting the <¢ 
sponding positions of the recording 
Lhe calibration in speed would nec 
tate the rotation of D at constant s) 
(use synchronous motor plus speed 
troller) and the recording of the « 
sponding trackwise positions of thy 


85 PRIZE DISCUSSION 
By PAUL F. HAWLEY 
LOS ANGELES, CALIF 


Vhis problem could be restated 
required to produce measuring ippar 
recording linearly speeds up = to 3¢ 
r.p.m. and torques of the order of 6 
1) pound feet maximum, and (b) 
quired to arrange the recording syste 
so that the speed-torque curve is dh 
directly. The following is a some, 
elaborate method of accomplishing 
desired result. Directly 
(1) voltage produced by a miniature 
ternator of constant field, directly co 
pled to the shaft of the test machine, 


measured art 


(2) pressure exerted by the arm of 
Prony brake. 

One possible form of apparatus appli 
cable to small motors is shown in Fig 
Here both Prony brake and _ alternat 
ire shown combined in one hand-op« 
ated piece of equipment. This consists 
two parts: the brake and stator of 
ilternator, and the rotor of the alte 
nator. 

The brake is made with a hole to 
the shaft (or shaft adaptor) loosely, 
is split so that by squeezing the hand 
the brake is tightened. The end of t 
lever is bent at right angles and is 
tached to one end of a variable-resistar 
carbon pile. The base of the pile is reste 


1 


i solid s ipport by the test 
tor base, so that the pressure applied 
the pile will be directly proportional 
the torque ipplied by the motor t 
Within a limited range, the 
sistance of such a pile Varies invers 


igainst 


brake 
with the pressure applied, so that by 
of a suitable pile, there will be ( 
stant ratio between pile conductivits 


motor torque. By using the quite « 


mon series resistor-batteryv circuit 


in Fig. 1, the voltage across R il 
lirectly ith the motor torque. For 
mple, LOOO-ohm carbon. pile « 
made to have l resistance cl 
it] force of 100 Ibs. If the lever 
e | <e Is 1 ft., this force 1s 














ohms and E is 90 volts, the 
in voltage drop across R is a 


ver 2 volts. 


speed indicator is made up of the 
ittached to the brake, and the 
[he rotor is shown by itself in 
ind consists of a permanent mag 
whed to a coupling with tapered 

so that it can be driven on. the 
shaft by hand. The stator is a 

d iron ring wound with two sets 
ils, as Shown. When the brake has 

t on the shaft, the rotor is forced 

ie, and the brake is held against 
itor collar. This aligns the rotor 
tor. As the air gap is constant, the 

vet flux is constant, and the voltage 
erated in the stator coils is directly 
ortional to the speed of the shaft. 
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\ simple calculation will show that it is 
sy to generate an output voltage of 
round 2 volts at 1800 r.p.m. with the 
rrangement shown. 
Having produced voltages directly pro 
rrtional to torque ind speed, it still 
remains to record these simultaneously 
mutually-perpendicular axes. The 


ost obvious recording instrument satis 


tving these requirements is the low-volt 
ure cathode ray oscillograph However, 
é renerated volt iwes re too low to 
rive readable deflections of the beam, 


d the amplifiers ordinarily furnished 





for these oscillographs ire resistance 
coupled, so that the slow ch inge In \ 
ige produced in the speed-torque cvcle 
would not be correctly recorded. Hoy 
ever, a simple d-e. unplitier Can easily 


be made which will give a voltage swin 


of around 96 velts with a two-volt erid 


swing. 90 volts is ample to 


deflection on a low-voltage oscillograp! 


Such an amplifier is shown in Fig. 1 
For simplicity, a twin triode ‘79 tube is 
used, one unit furnishing the horizont 

deflection (speed) ind the other the ver 
tical deflection torque However, the 
tvpe of amplifier is relatively unimy 

tant, the requirements being that it be 


capable ot unplifving direct) currents, 


and produce around 100 volts swit 


whatever amount is considered oly e 
unple deflection on the oscillograph 
The “speed” voltage is generated Ss 


; 
} 


variable frequency .¢c.. SO MUS be rec 
tified and filtered before ipplyving to thie 
d-c. amplifier. In Fig. 1 a double diode 
6H6 rectifier tube and a filter circuit re 
shown, although fu vave Copper ONId 


rectifier and filter could be used 


When using the setup fter slipping 
the brake on, t ipping the rotor 1 ce 
ind iligning the two parts, the motor is 
thrown on line, and the load applied 
squeezing the brake rms together \s 
the motor slows to a. stall, the speed 


torque curve will be drawn on the os 
lograph screen. Permanent records ¢ 
be obtained by photographing 
graph face. This part is too we 
from B 


cles to require description, except to) 


itcher’s recent Jisfrume 


tion that the speed of the spot is ery 
low, which facilitates photographic — re 


t picture ¢ 


cording The result int 
enl irged is far as necessary for stuay 


Calibration of the arrangement Is su 
ple, and can be done for each curve, 
desired. The torque ¢ libration is se¢ 
by applving a weight at known dis 
tance trom the brake pivot, nd noting 
or ph itographing the oscill graph cdefie 
ior Swnariv, the est 1 ( ¢ 
brought up to speed, checked 
tachomete ad he osc yg 
tion measure S betor 

This pa s is elal é 
justified in testing ¢ r ¢ 
Dl should be uite sett Y ( S 
il if 1 chines ( 
tl eT e mil es ( ¢ 
Tor he ¢ ire Te ] 








Problem No. 8 


Subject Index 2.07 


THERMAL CONDUCTIVITY 


A world-famous aircraft manufacturer inquires concerning “an 


instrument which will enable us to measure the heat losses through 


the walls of fuselages of transport planes. The entire apparatus 


should of course be as light as possible, convenient to move about 


and suitable for use in flight.” 


Five dollars will be paid for every solution (or critical discussion clearly point- 
ing the way to a solution) which is accepted for publication. Address Instru- 
mentation Forum, 1121 Wolfendale St., Pittsburgh, Pa. Type double-space, on 
one side of paper. Draw diagram in black ink on separate sheet. Mail before 
July 15. Solutions and discussions accepted will appear in August !937 issue. 





HARDNESS 
TESTING... 


done WITH NO MENTAL HAZARDS. 
The SCLEROSCOPE has done it for 
the past 29 years. 


In general use 
for specification 
purposes. Sim 
ple, sturdy. 
Comparatively 
inexpensive 


Illustrated 
bulletins 
free. 





The Shore Instrument 


& Mfg. Co., Inc. 


9025 Van Wyck Avenue, Jamaica, N. Y. 








20 mm. or 0.5 
High vacuua or 
accurate gas pressure. 











Electric Vacuum Gauge 


WINSLOW 
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200 Pennsylvania Ave., Hillside, N. J 








Surface Temperatures 






Fiat 7 

Stationary The “Alnor” 

or : . 

Moving Combination Pyrocen 

Curved 

_—— Ideal for rolls, molds, 

plates, platens and 

plastic material temper- 


atures. 
Write for bulletin. 


f Illinois Testing Laboratories, Inc. 


142 W. Austin Ave Chicago, lilinois 








DISTANT READING 
RESISTANCE TYPE 
THERMOMETERS 











An AW Purpose 


AIR VELOCITY METER 























WEAR RESISTANCE and HARDNESS 


‘ | te of cutting will depend upon at leas 
t irdness of the bond, and the distribu 
grains of th ibrasive in the bond. If) the 

vTrains are Lost ov ther. thre Vrams of the sand 
v it th bond material to cut it away 

l \ SIN Engineering ( orporation Detroit. Mich 

oan ! 1 d t for Sale inder the trade name 

(; | ter. the ela for whiel s that it wil 


Fig. 39. This diagram explains 
not only the relation between the ; ’ 
dea st inaasnee . WORK 
ibrasive grain and its bond, but ASIVE 
ilso how tn all substances thers 
may be lox il areas whose hard 
ness is much greater than that of 
others. Also if one were using a \>Ay 
a 
piece of a grinding wheel with ; CHION / 
which to scratch a crystal to test } 
Cr 
its hardness, the results would () 
depend on whether the abrasive \ ae 


grain or the bond was doing the 


scratching. 





COSTS $9.50 


Constant speeds with less than 
1©~ drift, variable from 0 to 
1,000 R.P.M. by turning calibrated dial. Has a 1/100 h.p., 
110-volt shaded induction motor. Speed is changed by means 
of special wear-resistant friction disc clutch. Oil-less bearings. 
Av. torque 1.0 inch Ibs. 10 to 1 and 100 to 1 reductions avail- 
able for slow speeds. Weighs 10 Ibs. Measures 81/2 x 31/y x 41/5 
inches. Hundreds of uses inside and out of laboratory. Satisfac- 
tion guaranteed. ORDER TODAY. 


SUNDT ENGINEERING COMPANY 


{Affiliate Littelfuse Laboratories} 


1250 LINCOLN AVI CHICAGO, ILL. 
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the strength of the bonding material. 


Measure 





important because the strength of the bond det 

ibrasive grains of the grinding whee! 
discharged from its surface. If the bond is. tox 
| 


he abrasive grains remain until all of their cuttin 


when the 


ire removed and they act as burnishers rather t 
ibrade rs. On the other h ind, if thre bond is too s 
tbrasive grain will be discharged from the whee] 
proper wear has been obtained for cutting purpos 


39, showing how the abrasive grain and its bo 


related, brings out the importance of such tests 
bond. Figs. 40a and 40b show a general view and 

ip of the machine which this ¢ ompany produces 
i device for mechanically measuring the strength 
bond by digging out de pressions mM the side of the 
ing wheel. It suffers the same limitations as the 
instrument in that it is a question as to just what 
cal property of the wheel as a heterogeneous age 


is ictually tested or measured T'o be cont 


STORAGE BATTERY LIFE TESTS 


Since the value of the results from an automati 
such as this de pe nds so larg ly upon the accuracy 
dependability of the instruments used, care should 
used in their selection. Panel instruments of at least 
accuracy should be used, while for the test bench 
struments should be calibrated to 14 of 106 accu 
Che program machine should preferably be driven 
i synchronous motor to decrease timing errors. 

The schedules used in our test for Starting batt 


ind for farmlight cells are as follows: 


PABLI 
SL S | 
) \ \ 
) \.H \.H 
{ } 1 . 
( \ \ 
( 1.H \.H 80 A.H 
( 
( \ | 4/8 
t 1 th 


During the automatic breakdown cycles the batt 
les are in room-temperature air, with battery temp 
tures usually between 110° F. and 130° F. They 
cooled in water to 80. F + 5° for the weekly capac 
evele. The life of a 13-plate farmlight cell on this t 
should be 500 cycles, based on present estimate that I! 
eveles are equivalent to a year’s normal use. 

In evaluating SLI batteries the following tabl 


ratings used is based on the many tests that have b 


As we find that our test results are of the same ord 
as those from the recently adopted S.A.E. life test. 
are continuing to use our own method. The large m 
of data we have built up using it also makes it desira 
that we keep on as we are, even though the only chang 
required in the circuit to adjust to S.A.E. are new ¢ 
tact strips in the program machine and _ resetting 
resistors. 

The technique of testing storage batteries has not be 
an overnight development but is the result of long co 
tinued study and development and will no doubt ¢ 


tinue to develop and change as future needs require. 
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The EPPLEY 
PYRHELIOMETER 





For the determination and recording (with suitable 


auxiliary apparatus) of the intensity of 


SOLAR RADIATION 


Write for descriptive bulletin E-2 


[| EPLAB_ 
THE | EPPLEY LAB( ORATORY, INC, 
Ss JTIFIC IP 


NEWPORT, R.1 


i 











MEASURING MICROSCOPES 









wer > 


Be 


The Measuring Microscope offers one 
of the most desirable, accurate and 
sometimes the only possible method of 
measuring short distances and small 
displacements especially if the object to 
be measured is inaccessible or is to remain 
undisturbed. 

The Gaertner Scientific Corporation 
manufactures a complete line of these in- 


struments and invites your inquiries. 


THE GAERTNER SCIENTIFIC CORP. 


211 WRIGHTWOOD AVENUE, CHICAGO, ILLINO 














A JOHANSSON GAGE SET FOR ONLY °2622 


These 5 gage blocks, accurate to 
within 8 millionths of an inch, will 
make 31 gages in steps of .0625 inch 
from minimum size of 1.9375 inches. 
At such a low price even the small- 
est shop cannot afford to be without 
this set. Gage Blocks also may be 


purchased individually. 


Manufactured and serviced in the United States by 


FORD MOTOR COMPANY 


Johansson Division Dearborn, Michigan 











Set No. 16 





FORD MOTOR COMPANY, Dearborn, Michigan 
Johansson Division, Dept. D 


Please send me new Johansson Catalog No. 12 


Name_ Street 
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Messtechnik. I—Gleichs- 
(Direct-current Elec- 


Eelehtrische 
trommesstechnik, 


trical Measurements) By Dr. W 
Cc. F. Winter'’sche Verlag 

ing, Leipzig 1937. Paper, 534 
-W0 pares I’r 6.90) 
I | nstitutes the first part 
nd v« I in a series of 
nuals |} lifferent authors 
branches p se meas 
de $ ‘ d ct irrent 

t It nating 1 

emer I ny served fi 

s of this work re to er 
i t t operating engi 
tl measurement method 
particular problem 
he instruments and accesso 
ed t the method, and te 

t I it i practical and fhe 
| r} l kK pens with a dis 
l standards for determi 
I fundamental units, and 
ith the lementary movements 
these ndards may b uti 

i mp i 

tv} f instruments and 
} d-« standardiza 
! ling mar types of potenti 
nd bride ire discussed in 

t nalytical and omprehensiv 
I sp il attention being given 
tive precision and accuracy 
so! thods f measurement 
t has been found possible, 
| sons of instruments and meas 
nt methods appear n tabula 
he being 47 distinct tabula 
ns s ited with relevant sections 
text. Special attention is given 
! elative precision and accuracy 
methods of measurement 
1 example mased on assumed or ap- 
mate values ind using standard 
I xpression, are found in every 


Some twenty-five bibliographical ref- 

ences, all from German sources ire 

ppendedt rtinent material throug! 
yut the work. Though this book makes 
r pre r presenting any other 
han European practice, yet its treat- 
ments are of such a fundamental na- 
ture is to be universally acceptable 
and the teacher, student or practic- 
ing enginee familiar with the German 
language this manual should prove a 

ible reference 
5 ea rch ay 
mol? ry. The Bristol ( , Water 
nm? (4)-B- 


Field Service Data. By ALrrep 


Radio 
A. Currarpi, Radio & Technical Publish- 


ing Co New York. Second Edition, 
1936. Stiff fabrikoid binder, 6144”x814”x 
12,” thick, with 436 pages loose-leaf 


Price $2.50 including supplements to be 
during the coming year 

This book for 
ension of 
author's 
eink 


radio service men is 
the supplement to the 
book “Modern Radio 
veal It is in- 
to be used 
wealth of 


last 
d solely as a reference 
and contains a 
pertinent to radio re 
the IF peak frequencies for 
9300 receiver models, including 
sets that have so far appeared, 
ind “Case Histories” for nearly 1000 of 
receivers, disclosing possible 
that ippear it times. The 
book is particularly valuable in the 
field of auto-radio installations, giving 
among other things—complete igni- 
tion circuit details for all American 
ar models. Complete data on glass and 
metal tubes appear in another section 


issued 


these 


troubles 


R R BATCHER, rad engineer, 
thode ra Pplication spe uist, Hollis, 


Se } (5.4)-B- 








A TRUE PRECISION INSTRUMENT 


With this Integrating Stage, six 
micrometer spindles can be oper- 
ated independently and transmit 
their motion to the displacement 
of one single object slide with a 
reading accuracy of 0.01 mm. 
Thin mineralogical sections can 
be analyzed planimetrically for the 
relative percentages of their con- 
stituents*, 
Send for 
itp an 


Rita 


F. I 


a copy of “Quantitative Methods 
Integrating Stage Applied to Geo- 
1 and = Metallurgical Problems’ by 
Thackwell, 


Western Agents: 


Integrating Stage 


for Planimetric Analysis of Minerals 


Spindler & Sauppe, Inc., 





Two models available, with 4 
and 6 spindles respectively. By re- 
leasing all spindles at the end of 
one traversion, the Integrating 
Stage returns automatically to the 
initial position; lateral displace- 
ment of slide through rack and 
pinion; one final reading covers 
many traversions. 


Write for catalogue VB. 


E. LEITZ, ine. 


730 FIFTH AVENUE, NEW YORK, N. Y. 


Washington Chicago Detroit 


Los Angeles-San Francisco 





| 
| 
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National Electric Controller Co. 
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